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ABSTRACT
The metabolism and excretion of [ring-U-1 * C]DDT, [ring-U-1 * C]DDD, 
[ring-U-1 *C]DDE and [ring-U-1 k C]DDMU in male rats and male Japanese quail 
were investigated following intraperitoneal administration of these 
compounds. The radioactivity excreted daily was monitored and the follow­
ing estimations were made of the time taken to excrete half of the radio­
active dose; 12.1days and 47«7days for [1 *C]DDT-dosed rats and quail, 3*4 
days and 21.3days for [1 * C]]DDD-dosed rats and quail, 2^,yda.ys and 128.9days 
for [1 ^ C]DDE-dosed rats and quail, 6.4days and 4.3days for [1 * C]DDMU-dosed 
rats and quail respectively. More of the dose was excreted as unchanged 
compound by the quail except when [1*C]DDMU was administered.
[1ltC]DDA, free or conjugated, was the major metabolite excreted by rats 
after dosing with each of the test compounds, with DDT and DDMU giving rise 
to the most [1ifC]DDA. In the quail, DDD resulted in greatest DDA production 
but only a very little DDA was excreted after DDMU administration. [1i*C]
DDOH was detected as a metabolite of both [1*C]DDT and {^ClDBMU in rats but 
only of [^CjDDMU in quail. DBP was tentatively identified in animal 
excreta in every dose group except the DDT-dosed quail. C1^C]DDD and [1**C]DDE 
were metabolites of [11*C]DDT in both rats and quail and [^CjDDE was also a 
metabolite of [^CjDDD in both species. Two [1I*C] hydroxylated derivatives 
were also detected; HO-DDE from DDE in rats and HO-DDMU from DDMU in quail. 
The major metabolite of DDMU in quail was not conclusively identified.
Kovel metabolic pathways for the metabolism of DDT in rats and quail 
are proposed. The rat may convert DDT to DDA by at least two routes only 
one of which includes DDD. DDD and DDE are both converted to DDA but the 
pathway does not include DDMU. DDMU can be metabolised to DDOH and DDA.
DBP is probably produced directly from DDT, DDD, DDE and DDMU.
In the quail similar routes appear to operate except that DDT is 
probably metabolised to DDA via DDD, while DDMU is mainly metabolised to 
DDOH and DBP cannot be produced from DDT.
•If. a man will begin with certainties, he shall end in doubts; 
but if he will be content to begin with doubts, he shall end in 
certainties*
Francis Bacon 1605 
/ The Advancement of Learning I v.8.
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DDNS 1,1-di(4-chlorophenyl) ethane
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DDCOC1 di(4-chlorophenyl) acetyl chloride
DDNU-diol 1,1-di(4-chlorophenyl)-1,2-ethane diol.
aHO-DDA di(4-chlorophenyl) hydroxyacetic acid
aCl-DDA di(4-chlorophenyl) chloroacetic acid
Dicofol 1,1-di (4-chlorophenyl-2,2,2-trich.lorcethanol
DDCN 1,1-di(4-chlorophenyl) acetonitrile
fvt 152 1,1-di(4-chlorophenyl)-2,2-dichloroethanol
Methoxychlor 1,1-di(4-methoxyphenyl)-2,2,2-trichloroethane
p.o. by mouth
c» cutaneous
i.p. intraperitoneal
3.0. subcutaneous
i.v. intravenous
m.s. mass spectrometry
i.d. internal diameter
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C H A P T E R  I
I N T R O D U C T I O N
I GENERAL INTRODUCTION
1. The History and Development of DDT
The organochlorine compound 1,1-di(4-chlorophenyl)-2,2,2-trichloroethane 
(DDT) was first synthesised by Zeidler(1874) by the condensation of 
chlorobenzene with chloral in the presence of concentrated sulphuric 
acid:
Cl
CCI3CHO+ — 1H-2,°  )
Cl
In 1939.P.Muller, working in Basle for J.R., Geigy S.A., resynthesised 
the compound whilst investigating moth-proofing agents and contact 
insecticides for plant protection. He soon discovered its remarkable 
insecticidal properties (Lauger et al.,1944) and established that it 
was effective against many insect pests including flies, bugs, 
cockroaches, beetles, mosquitoes and plant lice. The first large scale 
field tests showed that DDT offered good protection of potato crops 
against the Colorado beetle, Muller developed several formulations of 
DDT which were generally applied as a dust or powder. The second World 
War prevented the news about DDT from reaching tha rest of the Western 
World until 1942 by which time it was in extensive use by the Swiss 
armed forces against human ectoparasites. Large scale production of 
DDT began in Britain and in America during 1943 and its main uses were in 
the control of malaria, cholera and typhus by the elimination of the 
insect vectors. One of the most notable successes achieved by the use 
of DDT was in Naples where a major typhus epidemic occurred in December 
1943. Once in occupation, the Allied forces introduced DDT dusting for 
the whole population and within three weeks the typhus outbreak was 
under control (West and Campbell, 1950a).
IAfter the war the uses of DDT were exj^anded and it was also used against 
household insect pests, for the protection of plants, mainly crops from 
a wide variety of insects, and for the protection of storage products.
Other insecticides were also being developed at this time including 
the closely related DDD and metlioxychlor. DDT usage has now declined 
partly because of the environmental problems it has caused and partly 
because several insect groups have developed resistance to DDT and more 
acceptable alternatives have had to be found.
2. The use of DDT as an Insecticide
a) Formulation
Technical DDT generally has the follo\d.ng composition (West and Campbell,
% of Total
70-73 
12-19 
0.3-4.0
Other chlorinated 0.6-2.0
contaminants
Unidentified contaminants 6.5-10.6
The term DDT when used in this section only refers to the technical 
formulation.
b) Agricultural and Forestry uses of DDT
DDT has a very broad spectrum of insecticidal activity and it has 
been used effectively against pests of many crop plants and fruits 
including cotton, cereals, green and root vegetables, apples, citrus 
fruits and cherries.
DDT was used extensively in forestry, particularly to protect against 
defoliation.
1950b):- 
Compound 
p,p’-DDT 
o,p 1-DDT 
p,pf-DDD
c) Public Health
The most noteworthy successes of DDT as an insecticide have been in the 
prevention of human disease and infestation as DDT has been shown to be 
effective against the insect vectors of over 30 diseases. The advantages 
of DDT for this purpose include the relatively low mammalian toxicity, 
the lack of odour, the lack of irritant properties and its persistence. 
The use of DDT as a lousicide has already been mentioned in connnection 
with the control of typhus in Naples. It is also effective against head 
lice, bedbugs and fleas including the oriental rat flea^ which carries 
bubonic plague.
Another major application of DDT and DDD in disease vector control has 
involved the malaria-carrying mosquito. Their use has removed the risk 
of contracting malaria from over 1,000,000,000 people and'completely 
freed 19 countries from the disease. A dramatic fall in malaria cases 
occurred in Ceylon which had 110 cases'in 1961 copared with 2.8 million 
in 1946. DDT has therefore been of inestimable value in preserving 
human life and in benefitting the economies of countries where produc­
tivity has risen and the need for medical care decreased with the 
eradication of the malaria-carrying mosquitoes.
DDT has also been a success as a household insecticide killing flies, 
ants, cockroaches, silverfish and moths.
d) Current Status of DDT
DDT production and usage reached a peak about 1964 when 400,000 tons 
were distributed into the environment annually. In 1962 the U.S.A. 
used 28,000 tons of DDT and England and Wales used 260 tons which 
represented just under half of their total pesticide usage. World 
production has remained fairly constant at 200,000-2^0,000 tons since
1971 with over a quarter of this being supplied for malaria control 
programmes.
There were several reasons for the decline in DDT production including 
the development of insect resistance which was accentuated by the large 
quantities used and the persistence of DDT, the killing of predator 
insect species rendering long-term control difficult, the development 
of effective alternatives and the growing awareness of the possible en­
vironmental problems and contamination resulting from DDT'usage. The 
latter was highlighted in 1962 with the publication of Silent Spring 
(Carson, 1962).
During 1969 and 1970 legislation was brought in to restrict the use 
of DDT in many American states, in Canada and several European countries 
including Norway, Denmark, Italy and Sweden. In Great Britain in 197° 
the Advisory Committee on Pesticides and other Toxic Chemicals recommended 
that the use of DDT on grassland, brassica,seed crops, peas and soft 
fruits should cease. However, DDT is still used in many countries, par­
ticularly those in the Third World.
3* Environmental Contamination
The major problems associated with the use of DDT are not those of its 
acute toxicity to man or animals but are those relating to the environ­
ment and accumulation of residues. The application of DDT to forests, 
crops, surface water and the soil has resuited.in contamination of the 
environment. One of the assets of DDT as an insecticide has been its 
persistence and it is this property which has caused most problems.
a  ^ DDT residues in the aquatic environment
DDT residues are ubiquitous in the aquatic environment and mainly result 
from direct spraying, land run off, sewage effluent, land drains and
rainfall which may carry volatilized DDT. There is generally a low 
level of DDT present in the water which is maintained by slow losses 
from the bottom sediment which acts as a resevoir. The persistence 
of DDT in aquatic systems is illustrated by stream bottom muds con­
taining DDT, DDD and DDE up to 10 years after a single application of 
DDT (Dimond et al_. , 1972).
There is considerable evidence to suggest that bioaccumulation of DDT 
occurs in aquatic organisms at all trophic levels. For example 
accumulation factors of up to 114,000 have been reported for arthropods 
(Johnson et al.,197i)» The residues are transferred upwards in the food 
web such that the predatory species generally have the highest residues.
b) DDT residues in the terrestrial environment
The persistence of DDT in soil varies considerably with soil type but 
values of 3-10 years and 15 years for the half-life of DDT in various soils 
have been reported (Menzie,1972; Chisolm and McPhee,1972)* The major 
aerobic breakdown product appears to be DDE and the anaerobic product is 
DDD but there is little further degradation of either product.
DDT residues have also been found in all trophic levels of the terrestrial 
ecosystem. Soil invertebrates have been found to have up to 20 times the 
concentration of DDT present in the soil. Birds, particularly birds of 
prey and fish-eaters can also accumulate high levels. The residue levels 
in birds are decreasing very slowly, for example the mean body burden of 
5 species found in Florida decreased from 17.8p.p.m. to 2.1p.p.ra. in 4 years 
(Johnston,1974). DDT levels can also be high in mammals, for example the 
fish-eating mink has been reported to have up to 9»5p«p»nt. in adipose 
tissue (Franspn et al., 1974) and bats to have up to 28.6p.p.m. (Jeffries, 
1972).
Residues of DDT also occur in human tissue mainly because of contamina­
tion of food such as meat and milk. These residues appear to be declin­
ing now as shown in a study by Kutz et. al.(l974) where the mean levels 
in adipose tissue declined from 7*95p*P*ra. in 1971 to 5*89p-P*m* *n 1973* 
Their data however indicated that the total residues found as DDE had risen 
from 77*15% to 81.19% during this period.
c) Conclusion
The contamination of the environment by DDT has been widespread but the 
position is now improving. The residues in soil and water will persist 
for years to come and it is expected that the major contaminant will be 
DDE. The residues in living tissue are also generally declining, although 
only gradually and evidence again suggests that DDE is becoming the pre­
dominant compound.
4. Toxicity of DDT
a) Toxic Actions of DDT
i) Nervous System
The primary toxic action of DDT is on the nervous system of both 
insects and vertebrates. It is thought that DDT acts on the sodium 
channels to prolong the sodium current and delay the efflux of 
potassium ions to give repetitive nerve activity (Narahashi and 
Haas,1967)0 The main symptoms include hyperexcitability and 
tremors followed by convulsions and finally by weakness and 
prostration. Death in vertebrates appears to be frequently caused 
by cardiac or respiratory failure. DDD and DDE can also act on the 
ner*vous system and their relative potencies vary considerably be­
tween species.
For mammals and birds the concentration of DDT in the brain is critical 
for the onset of poisoning. For example it has been found that a
brain concentration of 50~60p.p.m. DDT is lethal to several 
birds (Bernard,1963)* The toxic level can be reached by acute 
exposure or by cumulative doses, particularly because of the 
long half-life of DDT in most species. Also lethal mobilization 
can occur where the fat depots are depleted and because DDT is 
stored in the fat a higher circulating level is attained which 
can be sufficient to cause mortality. In animals at times of 
stress, such as when mating, hibernating or during severe food 
shortage, mobilisation of DDT in fat depots can occur. In 
birds one of the commonest causes is migration,
ii) Reproduction
There has been a serious decline in the reproductive success of 
many birds of prey and several fish eating birds which can be 
largely attributed to thinning of the egg-shells. This can 
cause various problems including cracking, crushing and egg- 
eating by parents and nest abandonment. There is much evidence 
to suggest that DDT and metabolites can produce this effect 
including historical evidence showing that egg-shell thickness 
began to decrease during the late 1940fs when DDT came into 
extensive use, the negative correlation between the residues 
of DDT and metabolites in eggs and birds, and egg-shell thickness 
and the production of thin egg-shells in the laboratory. The 
latter two types of investigation have implicated DDE and it 
is likely that this compound is more active than DDT in producing 
thin egg-shells in certain species (Cooke,1973j Anderson and 
Hickey,1972).
There have been several suggestions to explain the thinning and 
these generally propose a reduction in the calcium available
for shell production. The most probable explanation is that DDT 
and DDE inhibit a calcium dependent ATPase in the shell gland, 
as inhibition has only been found in species susceptible to 
thinning (Miller et al.,1975)*
DDT may also decrease reproductive success by increasing the 
mortality of the embryo or newly hatched offspring and this has 
been a particular problem for fish. DDT is very lipophilic and 
will concentrate in the yolk of eggs to levels which prove 
fatal. The main evidence for this lias been correlation of 
residues in eggs with fry mortality.
There also appears to be a more non-specific effect on repro­
duction where maturation may be delayed and the number of 
offspring reduced. This has been reported for some mammals 
such as the mink, birds and fish. -
iii) Carcinogenic and Mutagenic Effects
In mice DDT has been shown to produce liver tumours -which, can 
metastasize (Tomatis et al.,1972, Turusov et al.,1973)» This 
has also been shown for DDD and DDE in mice (Tomatis et al.,1974). 
There has however been no conclusive evidence produced for tumour 
production in any other animal. It has also been reported that 
both DDD and kelthane, but not DDT, are mutagenic (Planche et al., 
1979).
b) Environmental Impact of DDT on non-target species 
The use of DDT has had little adverse effect on plants or on the 
populations of mammalian species. The more serious problems have usu­
ally been associated with other animals. The invertebrates, particularly 
molluscs, have suffered severe reduction in numbers in localized areas
which has resulted in starvation for predators, particularly fish and 
birds and has upset the balance within the local ecosystem. Fish 
have suffered heavily, particularly the freshwater varieties, trout and 
salmon, and predators like the bass. Birds have also suffered severe 
reduction in numbers with piscivorous species such as the brown pelican, 
cormorant and osprey and birds of prey such as eagles, hawks and falcons 
almost disappearing from some areas.
In nearly all cases where numbers of a species have declined because of 
DDT usage, recovery is either complete or in progress, now that DDT is 
rarely used. There have been few obvious permanent adverse effects 
although in some areas only human intervention has prevented this. Many 
animals do however still contain residues of DDT and little is known 
about the effects which these may have.
c) Adverse effects in man
There is little evidence to suggest that DDT has any serious adverse effect 
on man. By 1950 there had only been 14 deaths attributable to DDT 
and they all involved ingestion of large quantities of DDT (Brown/, 1951) • 
Although the epidemiological evidence is incomplete it has not been 
possible to correlate cancer in man with exposure to DDT. It may be 
considered undesirable to have human contamination by a compound such 
as DDT which may have subtle biochemical effects but levels are now 
very low.
5. Biochemical Effects of DDT
When the initial toxicity and metabolism studies of DDT were carried 
out examination of the livers showed necrosis in the rat (Lillie and 
Smith,1944) and dog (Woodward et^  aJL.. ,1948) and fatty degeneration in 
the cat (Lillie et al.,1947). More recent studies have shown that 
relatively low doses of DDT cause liver enlargement in both mammals 
such as the rat (Platt and Cockrill,1967) and birds such as the 
pigeon (Bailey et al.,1969a). However there was little increase in the
Japanese quail (Sell and Davison,1972; Bunyan and Page,1973)* More 
detailed studies have found an increase in hepatic microsomal protein 
in both rats (Sanchez,1967) and quail (Bunyan and Page,1973)* rats 
this is accompanied by an increase in the activity of several hepatic 
microsomal enzymes (Hart and Fouts,1965; Gillett et al.,1966) and in 
cytochrome R,5 0 levels (Vainio,1974). A similar effect is seen in 
other mammals including the squirrel monkey (Cranmer et al.,1972).
Some microsomal enzyme activities in DDT-dosed birds appear to decrease 
for example aldrin epoxidase and aminopyrene H-demethylase in Japanese 
quail (Gillett and Arscott,1969; Sell et al.,197l) while others increase, 
for example aniline hydroxylase and phenyl benzoate esterase in 
Japanese quail (Bunyan et al.,1972). Induction of hepatic microsomal 
enzymes has also been reported for DDT-dosed chickens (Sell and Davison, 
1972).
It has been suggested that the induction effects may be produced by 
metabolites of DDT rather than the compound itself. Both DDE and DDMU 
have been shown to give greater increases in relative liver weight in 
the pigeon than DDT (Bailey et al.,1969b). Bunyan et al.(l972) found 
that DDE was more potent than DDT as an inducer of hepatic microsomal 
enzymes in both rat and Japanese quail. Further work has indicated 
that DDMU caused a greater elevation of hepatic microsomal protein, 
cytochrome P4 5o and associated enzymes in the quail than DDE but not 
in the rat (Bunyan and Page,1973)*
Induction effects result from very low levels of dietary administration 
for example l-5p.p.m. of DDT in the rat diet was the lowest level needed 
to produce effect (Kinoshita et a 1. ,1966) and are likely to occur as 
a result of environmental contamination. The increased activity of some 
of the hepatic microsomal enzymes could influence the rate of metabolism 
of both xenobiotics and endogenous compounds.
Other biochemical effects are of minor importance and include the 
production of adrenocortical atrophy in dogs dosed with DDD (Brooks, 
1974) and the enlargement of the adrenal cortex produced in DDT- and 
DDE-dosed birds (Beissmann and Faber,198l)*
IX THE ACUTE TOXICITY OF DDT
There is a considerable amount of information available on this topic 
and the relevant data is summarised in Table 1.
The wide variation seen in the LDj o values for one route of exposure, 
in one animal species, are probably largely due to differences in the 
age, sex and strain of the animals used, the volume of solvent used and 
sample purity.
There are some marked differences evident in the susceptibility of the 
various species to DDT. Some, such as the hamster, mallard duck and pigeon 
have very high L]% 0 values, while most, including the rat, rabbit, mouse, 
chicken, pheasant and Japanese quail have intermediate values and a 
few, such as the Bobwhite quail have low values. Some aquatic species 
also appear to have very low LC5o values compared to the mosquito 
larva which.is a target for the insecticide.
The limited information available on the toxicity of DDD and DDE to 
animals also indicates that differences between species occur* In the 
rat, mouse and pheasant, DDE appears to be less toxic than DDT with oral 
L % o  values of 880 and 1240mg/kg for male and female rats (Gaines,i960) 
700mg/lc.g for mouse (Von Oettingen and Sharpless, 1946) and an LC5 o of 935p«P» 
in the diet for the pheasant compared with 550p.p.m. for DDT (Gill et al., 
1970)«> However in the pigeon DDE appears to be more toxic than DDT 
(Bailey et al.,197^). In the rat DDD is less toxic than either DDT or DDE 
with an oral LD5o of 1500mg/kg (Carlisky,1958) but in the pheasant it 
appears to be more toxic than either DDT or DDE, with an LC5 0 of 522p.p.m.
TABLE 1
THE TOXICITY OF DDT TO SOME ;■ ANIMALS.
ANIMAL SEX ROUTE SOLVENT LD;9 RKPEREN C
(mrj/kfj body weicjht)
RAT p.o. oil 200 1
p.o. oil 150 OCa
P.O. oil 448 3
p.o. oil 250 4
& p.o. oil 113 5
9 p.o. oil 118 5
p.o. oil 400 6
i.p. oil 150 6
i.v. emulsion 50 6
p.o. paraffin 800 7
s.c. paraffin 1,500 7
MOUSE p.o. oil 400 I
p.o. oil 200 8
& p.o. oil 350 9
9 p.o. oil 381 9
c? p.o. oil 305 10
9 p.o. oil 318 10
i.p. DM SO 855 11
i.p. oil 550 12
9 i.p. oil 333 13
p.o. (crystalline) 1,500 14
RABBIT p.o. oil 300 2,6,15
p.o. paraffin 300 7
s.c. paraffin 250 7
i.v. emulsion <50 16
HAMSTER p.o. oil >2,100 9
p.o. oil > 1,600 10
CHICKEN p.o. oil > 300 17
p.o. oil 300 15
MALLARD DUCK p.o. (crystalline) >2,240 18
p.o. (crystalline) > 2,000 14
PHEASANT p.o. (crystalline) 1,300 18
PIGEON p.o. (crystalline) > 4,000 18
BOBWHITE QUAIL p.o. (crystalline) 300 14
p.o. oil 60 14
JAPANESE QUAIL p.o. (crystalline) 840 18
TABLE 1 CONTINUED
THE TOXICITY OF DDT TO SOME .ANIMALS
ANIMAL SEX ROUTE SOLVENT LDg p
(mg/kg body weight)
REFERENCE
STARLING
HOUSEFLY
GREATER WAX 
MOTH LARVAE
p.o. (crystalline)
c •
c.
p.o,
MOSQUITO LARVAE 
ATLANTIC SILVERSIDE 
BROWN TROUT EGGS 
DAPHNIA MAGNA
in water 
in water 
in water 
in water
> 600
14-21
105
238
LC50
(p.p.b.)
70 
< 1 
1
4.4
14
6
6
6
19
20 
20 
20
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1: Draize et al. 0.944),2; Smith and Stohlman(l944),3• Woodward et al.(1948),
4: Tilemans and Dormal(1952),5: Gaines(l96o),6: 0’Brien(l967),7: Cameron and 
Burgess(l94.5),8: Von Oettingen and Sharp!ess(1946),9• Agthe et al. (l 970),
10: Gingell and Wallcave(1974),11: Lewin and McBlain(l9?2),12: Ozburn and 
Morrison(l962), 13 : Okey and Page(l974) , 14: Coburn and Treichler(1946),15: Konst 
and Plummer(1946),16: Philips and Gilman(l946),17: Woodward et al.(l944),
18: Tucker and Crabtree (1970), 19: Metcalf et al. (1971-) % 20: Environmental 
Protection Agency(l975)•
111 THE EXCRETION OF DDT
The information available on the excretion of DDT by several mammals 
and birds is summarised in Table 2.
The rate of excretion of DDT and its metabolites appears to depend on 
the size of the dose and on the route of administration. Oral doses may 
be incompletely absorbed as indicated by Judah(l949) which leads to an 
artificially high initial excretion rate. This is evident when a 
comparison with.another route of administration is carried out (Bishara 
et al.,1972; Bunyan et al.,1977)» it is also usual to find more of the 
unchanged compound excreted after oral dosing (Dale et al.,1962).
Although a valid comparison of the excretion rates in different animals 
cannot readily be made from the available data, some differences between 
species are obvious. The mouse and hamster both excrete DDT rapidly 
with over half of a radioactive, oral dose being voided in 3 days. The 
rat appears to have an intermediate excretion rate and birds such as the 
pigeon and Japanese quail have.considerably slower excretion rates. DDD 
appears to be excreted much faster than DDT in both rat and pigeon and 
DDMU is excreted faster than DDT in Japanese quail but not in the pigeon. 
DDE is excreted more slowly than DDT in the rat and very much slower in 
the pigeon. There does not appear to be a strong correlation between 
exci'etion rate and toxicity of DDT as exemplified by the mouse and 
hamster which have comparable excretion rates but very different L %  o 
values. However the extremely slow excretion rate found for DDE in the 
pigeon may be connected with its relatively high toxicity in this bird. 
The excretion rate is probably more closely related to the rate and the 
route of metabolism of DDT.
In mammals the main excretory route appears to be in the faeces with 
only a small urinary contribution in most mammals. The highest urinary
excretion after DDT-dosing is seen in the mouse and hamster where up 
to 28% of the excreted material appears in the urine. As the urine and 
faeces from birds can only be separated after surgical intervention the 
relative importance of the 2 routes is difficult to evaluate. Biliary 
excretion is however high in both the rat and pigeon (Fawcett et al., 
unpublished work), and although enterohepatic I'ecirculation may occur, 
it is probable that this is the major route to faecal excretion.
After cannulation of the bile duct in rat, a very low percentage of 
the dose appeared in the faeces (Jensen et al.,1957) indicating that 
most material arrives in the faeces from the bile.
The predominant excretion route for DDT metabolites in an animal 
depends on the polarity, nature of the ion and the molecular weight 
of the excretory product, in relation to the biliary threshold for 
the animal. The latter varies between species; for example the 
minimum molecular weight for the biliary excretion of anions in the 
rat is 325 + 50 (Millburn et al.,1967) and for the rabbit, 475 + 50 
(Hirom et al.,1972). Generally the lower molecular weight compounds 
are excreted in urine, although some non-polar excretory products 
for example DDT and DDE are found in bile (Jensen et al.,1957)« The 
formation of different conjugates will increase the polarity and the mol 
cular weight of the final product by different amounts and so influence 
the route of excretion.
TABLE 2
THE EXCRETION OF DDT, DDD, DDE AND DDMU BY VARIOUS ANIMALS
ANIMAL SEX DOSE DETAILS
RAT DDT, i&p., l,000mg/kg
DDT, i.p., lOmg
DDT, i.v., 2.5mg/kg
DDT, i.v., 17.4 mg/kg
DDT, i.v., 3-7^ 9
DDT, p.o., 25mg/kg
DDT, p.o., lOOmg/kg
DDT, p.o., lOmg
DDT, p.o., 74mg/kg
DDT, i.d., 10pmol/kg
DDE, i.d., lOpmol/ltg
DDD, i.d., lOpmol/kg
MOUSE DDT, i.p., 50mg/kg
DDT, p.o., 50mg/kg
cT DDT, p.o., 250mg/kg
<j> DDT, p.o., 250mg/kg
cf DDT, p.o., 25mg/kg
9 DDT, p.o., 25mg/kg
RABBIT DDT, p.o. -
DDT, p.o., 97*5mg
HAMSTER &  DDT, p.o., l,600mg/kg
9 DDT, p.o., l,600mg/kg
ROUTE OF % OF DOSE TIME REFERENCE
EXCRETION EXCRETED (DAYS)
urine & faeces 2.5 5 1
urine 1.9 5 2
faeces 12.4 5 2
urine & faeces 10 10 1
bile 65 9 3
urine 2 9 3
faeces 0.3 . 9 3
urine & faeces 10.5 10 4-
bile 11.2 3 5
urine 5.6 28 5
faeces 56 28 5
urine 1.3 9 3
faeces 68 9 3
urine 2.6 5 2
faeces . 50.4 5 2
air 1.6 10 6
urine 1.6 10 6
faeces 83«8 10 6
bile 18.4 1 7
urine 1.7 1 7
bile 3.1 1 7
urine 0.3 1 7
bile 20.4 1 7
urine 2.9 1 7
urine 8 8 8
faeces 17.3 8 8
urine 20 - 1 9
faeces 54 1 9
urine 4.5' 3 10
faeces 63 3 10
urine 7.8 3 10
faeces 54 3 10
urine . 16.1 5 11
urine . 14.3 5 11
urine 4.9 7 12
urine ,8 8 13
urine 7.7 3 10
faeces 47 3 10
urine 11 3 10
faeces 51 3 10
TABLE 2 CONTINUED 
THE EXi&RETION OF DDT, DDD, DDE AND DDMU BY VARIOUS ANIMALS
ANIMAL SEX DOSE DETAILS ROUTE OF % OF DOSE TIME REFEREi
EXECRETION EXCRETED (DAYS)
PIGEON & DDT, i.p., 2mg/kg Droppings 16 28 14
& DDT, i.p., 35mg/kg Droppings 5.4 77 14
DDMU, i.p., 6lmg Droppings 27 77 15
DDT, in diet 50 28 16
DDD, in diet Tissue Residue 50 24 16
DDE, in diet Deterrainat i ons 50 250 16
DDMU, in diet 50 27 16
JAPANESE <? DDT, i.p., 13.4mg/kg Droppings 65 56 17
QUAIL $ DDMU, i.p., 50mg Droppings 50 15 18
$ DDMU, p.o., 44mg Droppings 88 15 18
References
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15: Fawcett e t_al*(unpublished work),l6: Bailey et al,(1969a),17; Bailey et al« 
(1969b),18: Ahmed and V/allcer(1979) *19: Bunyan et al.(l977).
IV THE METABOLISM OF DDT
1 . Rat
The in vivo metabolism of DDT by the rat has been extensively studied.
A metabolic pathway as shown in Figure 1 has been proposed by Peterson 
and . Robison(l964) which involves the initial conversion of DDT to DDD 
and DDE and the subsequent conversion of DDD to DDA by a series of alter­
nate dehydrohalogenation and hydrogenation stages to reach DDNU which 
undergoes oxidation to DDOH and then DDA. The pathway was based on the 
results of tissue analysis following the oral administration of the 
metabolites DDD, DDMU, DDMS and DDNU. The conversion of DDOH to DDA was 
presumed and DDA was found in the urine from DDNU-dosed rats. This 
study also showed conclusively that DDE was not intermediate between 
DDT and DDD* Although several authors including Peterson and Robison 
(1964) and Klein et_ al, (l 964) failed to find any metabolites of DDE, 
Datta(l970) has proposed an alternative pathway for the conversion 
of DDT to DDA differing from that shown in Figure 1 in that DDE is 
converted to DDMU and no DDMS was found.. If this pathwray does operate 
when DDT is dosed it is probably only a minor route for the production 
of DDA. Both this study and the one by Peterson and Robison indicated 
that the major tissue involved in the initial transformations is the 
liver but from the production of DENU to the formation of DDA the kidney 
is more important.
Another proposal for the metabolism of DDE in the rat is the production 
of hydroxylated derivatives (Sundstrom et al.,1975). Sundstrom(l977) 
found 4 jjhenolic metabolites of DDE, as shown in Figure 2, in the 
faeces of DDE-dosed rats but they only accounted for 5/6 o f the dose.
It is thought that arene oxide formation may precede the formation of 
at least 2 of the compounds. •
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From Sundstrom et Al, Nature 255, 627-8, (1975).
The main excretory product, found in both urine and faeces, is DDA 
(Jensen et al.,1957) which is largely present as conjugates with 
amino acids such as aspartate and serine (Pinto et al.,1965)« Jensen 
et al.,(1957) did report that a high percentage of the DDA in bile 
was conjugated and proposed that some conjugation could occur in the 
intestine* Other excretory products which have been reported after 
DDT, DDD or DDE dosing include DDT, DDD, DDE,DBM, DBH, DBP and DDOH.
There has been one report that after the oral administration of ring- 
labelled 1 * C-DDT to rats, 1.6% of the dose was recovered as over
a 10 day period which indicated that degradation of the benzene ring 
had occurred (Abou-Donia and Menzel,197&)• This is the only study which 
has found this for rats, others such as that conducted by Bishara et al. 
(1972) failed to detect
Seiber(l976) claimed to have detected low levels of DDE after DDD had 
been given intraduodenally to rats and although this could have arisen from 
a metabolic conversion in rat tissue, contamination of the dose or the 
conversion of DDD to DDE by the gut flora are also possible explanations.
There has also been a report that conjugates of DDOH with palmitic, 
stearic, oleic and linoleic acids have been found in rat adipose tissue 
following chronic exposure of animals to DDT by intraperitoneal injection, 
This has been postulated as one mechanism for the retention of DDT related 
residues (Leighty et al.,198o).
2. Mouse
The metabolism of DDT in the mouse has been examined by several authors. 
Initial work established that a major excretory product was DDA (Apple,1968). 
This appears mainly in the urine and is excreted as conjugates with 
glucuronic acid, glycine,serine and alanine (Gingell,1976). Other 
metabolites found in the urine were DDD, DDE and DBP, with the former
two also appearing in faeces (Kapoor et al.,1972). Apple(l968) 
orally dosed'mice.with DDT, DDD, DDE and DDMU and examined the 
urine for DDA. No DDA was found when DDE was dosed but DDD-dosing 
resulted in a greater excretion of DDA than either DDT - or DDMU- 
dosing. This result was of interest as if DDMU were intermediate 
between DDD and DDA in the metabolic pathway as proposed by Peterson 
and Robison(l964) greater DDA production would be expected from 
DDMU-dosed animals. A study of the metabolism of DDMU in mice has 
recently been carried out in which the following metabolites were 
found; DIMS, DDOH, DDCHO, DDNU-diol, aOH-DDA and DDA (Gold et al.,198l). 
V7hen DDMS was given to mice the metabolites found were the same but 
there was very little aOH-DDA and considerably more DDCHO than with 
DDMU. DDNU also produced little aOH-DDA but much DDNU-diol. The 
formation of DDMU epoxide was suggested by the authors to explain 
the production Qf the aOH-DDA. Both this compound and aCl-DDCHO, 
the suggested intermediate for aOH-DDA production, were administered 
to mice and both resulted in the excretion of aOH-DDA, DDA and DDOH.
The results of this study enabled the authors to postulate an alter­
native route for the metabolism of DDMU to that involving DDNU pro­
duction which would entail the formation of the achloro-epoxide as 
shown in Figure 3. This route would probably only account for 15% of 
a dose of DDMU in mice and may only occur when DDMU levels are high 
which would agree with the results obtained by Apple(1968). The 
formation of DDNU-diol indicates that there is also an alternative route 
for the metabolism of DDNU.as-shown in Figure 4. This pathway was 
initially proposed by Planche et_al. ( 1979) who examined the metabolism 
of DDNU by the microsomal fraction of mouse liver. These pathways both 
require that DDCHO production precedes that of DDOH and that DDOH is 
not intermediate in the formation of DDA.
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The metabolism of DDMIJ via alkyl-epoxide formation
(Gold et al,l981)
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The metabolism of DDNU via alkyl-epoxide formation
(Planche et al.,1979)
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3• Rabbit
The rabbit v,ras used, in several early investigations of DDT metabolism 
including one by White and Sweeney(1945) who crystallized a chlorinated 
acid from the urine of DDT-dosed rabbits and confirmed that it was 
DDA by comparison with the authentic compound. They postulated that 
DDT could be converted first to DDE and then directly to DDA on the 
basis of chemical conversion studies. This pathway appeared to be 
unlikely from a study by Smith et al. ( 1946) who failed to detect DDA 
when DDE was dosed. There was also no indication that DDE was a 
metabolite in rabbit possibly because of the limitations of the 
analytical techniques .of that time.. Later work indicated that DDMU 
is present as a tissue residue in DDT-dosed rabbits (Kart et al.,1972) 
which may indicate that a similar metabolic pathway to that proposed 
for the rat by Peterson and Robison(1964) operates in the rabbit.
4. Hamster
The main urinary excretion product in hamsters appears to be DDA. 
Gingell and Wallcave(l974) found that DDA excreted in the urine 
accounted for 105o of a dose of DDT in 2 days. The excreted DDA 
is largely conjugated with glucuronic acid, glycine, serine and alanine 
(Gingell,1976). Other metabolites found in the urine include DDD, DBP 
and DDOH (Gingell,197&)• There is no information available about the 
polar metabolites present in the faeces but DDD was found to be the 
main non-polar metabolite present (Gingell and Wallcave,1974)• When 
DDE was given to hamsters, no DDA was detected in the urine but when 
DDD was given DDA, excreted in the urine over 2 days, accounted for 
33% of the dose (Gingell and Wallcave,1974)•
5* Birds
The most common metabolite found in the tissues of birds exposed to 
DDT is DDE. There is very little other information available for
most species of bird, although phenolic derivatives of DDE, similar 
to those reported for the rat were found in excreta collected from 
wild Guillemot (Jansson et al.,1975)* Some work lias been carried 
out on DDT metabolism in the pigeon, Japanese quail and chick and is . 
outlined below.
Pigeon
DDT, DDD, DDE and DDMU were administered to pigeons in the diet and an 
analysis of the tissues revealed the concomitant production of DDD and 
DDE from DDT, the inability of the pigeon to metabolise DDE, the pro­
duction of DDMU from DDD and the apparent inability of the pigeon to 
metabolise DDMU to DDMS or DDNU. Some DENS was detected but very little 
(Bailey et al.,1969a,b)• This study failed to find any DDA and the ap­
parent lack of metabolism of DDMU to any recognisable product indicated 
that DDA was not readily produced by the pigeon. A more recent study 
by Sidra and Walker(l9^0) lias shown that the pigeon does excrete a small 
quantity (less than 1% of DBT dosed)as DDA. DDD and DDE were also 
excreted along with some small quantities of unknown metabolites, one 
of which was tentatively identified as a phenolic derivative of DDT.
The principal metabolite in the tissues and droppings was DDE which 
was found to represent up to 74.6% of the injected dose after 77 days.
It is therefore not clear how DDA production occurs in these birds, it 
may be through DDE as described by Datta(l970) fo^ the rat or DDD but 
the involvement of DDMU appears doubtful.
Japanese quail
The metabolism of DDT by the quail has been investigated by Ahmed and 
Walker(1979)« The birds were dosed by intraperitoneal injection and 
the droppings, collected over 56 days, were found to contain the 
following metabolites; DDA representing 24% of the dose, DDD representing
5.1% of the dose, DDE representing 11% of the. dose and uncharacterised 
polar metabolites representing 17% of’the dose. The major tissue resi­
dues were DDT (0.4% of the dose) and DDE (10.5% of the dose). In 
another study DDMU was administered to quail (Bunyan et al.,1977) aad 
preliminary results indicated that the excreted metabolites were 
extensively conjugated to sulphate and glucuronic acid. After hydro­
lysis DDOH and DBP were identified "but several unidentified compounds 
were also present (Dilloway,1975)•
The Japanese quail appears unable to metabolise DDE (Lamberton et al.,
1975).
Chick
Abou-Donia and Menzel(l968) have proposed a complete metabolic pathway 
for DDT in the chick which is based on some remarkable chromatography.
The pathway is similar .to that shown in Figure 1. with a few modifications 
including the production of DDM,.DBP and DBH from DDA. They also suggested 
that DBP was the principal metabolite of DDE and are the only authors 
so far to have found this metabolite of DDE in birds.
Other studies involving the chicken have only reported finding DDD and 
DDE in the tissues of DDT-dosed birds (Noakcs and Benfield,1965) *
6. Other Species '
Although the occasional living organism appears unable to metabolise DDT, 
for example the Khapra beetle jjGupta et al.,1971), very many have been 
found which can metabolise DDT. Metabolites produced by soil fauna, 
mainly bacteria but also fungii.and invertebrates,include DDD, DDE, 
dicofol, DDCN, DDMU, DDMS, DDNU, DDNS, DDOH, DDA, DDM, DBH, DBP, 4-chloro- 
phenylacetic acid and’4-chlorobenzoic acid (Matsumura,1975)* The latter
two are unusual in being formed by separation of the benzene rings. The 
quantities produced of each are very variable but most of the organisms
/
produced DDE as the principal metabolite.
Plants can metabolise DDT.although this is usually a very slow process. 
Spinach and cabbage were'found to produce DDE, DDD, DDMU, DDA, a DDA 
conjugate and a DBH conjugate (Zimmer and Klein,1972).
Insects which are resistant to DDT can readily metabolise it to DDE and 
dicofol (Brown,1956; Tsukamoto,1959)*. Other metabolites produced by 
insects include PW125, a complex glucoside containing 4-hydroxybenzoic 
acid and 3-hydroxy-4-chlorobenzoic acid, DBP, DBH, and DDA (Gatterdam 
et al.,1964; Rowlands and Lloyd,1969; Schnitzerling,197Q)«
Several studies involving DDT-dosed fish have revealed that the major 
metabolites found as tissue residues are DDD and DDE. Addison and 
Willis( 1 977) have investigated the metabolism of DDT and several of 
its metabolites in Rainbow trout. They found that this fish can carry 
out the dehydrohalogenation reactions but cannot metabolise the products 
DDE, DDMU and DDNU. Although the trout appears unable to produce 
DDA from DDT, other fish are able to do so (Pritchard et al.,1973)•
The gut flora are a group of organisns -which may influence the metabolites 
found in other animals by their own metabolism of DDT. Most bacteria 
from the rat intestine (apart.from Micrococcus) and yeasts will convert 
DDT to DDD and small amounts of DDE (Mendel and Walton,1966; Braunberg 
and Beck, 1968)® This has led to suggestions that DDD is only formed 
in mammals by bacterial action but most evidence favours production 
by mammalian-tissues, particularly the liver although there is evidence 
in man that gut flora and liver play a dual role (Morgan and Roan, 1971)*
It is also of interest that phenolic derivatives of DDE have been found 
in the faeces of wild seal (Jansson et al. ,1975) and in the urine of 
pigs dosed with DDE and with DDT (Sundstrom ct aJ. ,1977).. The blubber 
of seals also appears to contain a methyl sulphone metabolite of DDE which
is non-polar and likely to. accumulate in fat (Jensen and Jansson,
1976).- A similar compound has also been found in adipose tissue of mink 
which received DDE in the diet (Kihlstrom et al.,1976).
7- Summary of DDT Metabolism
The metabolism of DDT in animals is very complex and there is some 
apparently conflicting evidence.. The majority of currently postulated 
pathways are shown in Figure 5 although some are unlikely to occur to 
any appreciable extent and others have only been suggested for one 
particular animal.
There has been some controversy over the ability of avian and 
mammalian tissues to metabolise DDT to DDD. It has been claimed that 
the gut flora may be responsible for the production of DDD as described 
previously and that tissue residues i\rere due to post-mortem reductive 
dechlorination (Jeffries and Walker,1966; Barker and Morrison,1964) 
but it is now generally accepted that animal tissues can perform 
the conversion. This may be enzymic in many animals but as iron-porphyrin 
type compounds have been shown to catalyse the reaction, (Miskus et al., 
1965; Zoro et al.,1974) chemical conversion may play a pax't. Microsomes 
from pigeon liver convert DDT to DDD under anaerobic conditions in the 
presence of NADPH and cytochrome H 50 involvement is likely (Walker,1969)* 
The microsomes will also perform the reaction at a faster rate, after 
heating if NADPH and x'iboflavin are added (liassail, 1971; Ilassoll and 
Forest,1972)^ - Similar results have also been obtained using microsomes 
from chicken,' mouse and rat liver (Hassall,1975)o There lias also been 
the suggestion that a flavopi-otein-'flavin cofactor system, which exists 
in rat liver intestine, can effect the reaction (Esaac and Matsunura,1978). 
This may be related to the nitro-reductase enzyme system found in 
mammalian liver (Parke ,1968)• Esaac and Matsumura(l 980) have recently
FIGURE 5
Summary of postulated metabolic routes for DDT in mammals, birds and insects
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proposed that there are 2 enzymef systems capable of DDD formation.
One requires reduced FAD and involves the flavoprotein-flavin system 
and the other requires cytochrome R^o. The DDT binds directly to 
reduced R*5 0 and receives an electron from NADPH via NADPH-cytochrome 
R»5 0 reductase. In this cycle reduced cytochrome ^50 is released; no 
oxidized form is generated. There has been the suggestion that 
dechlorination by iron porphyrins may involve carbonium ion formation 
with the production of the carbene and DDD or DDE (Mansuy et al.,1978). 
This may be pertinent to the cytochrome fVjo mediated reation which 
could proceed in a similar way to that described for carbon tetrachloride 
(Ahr et al.,1980) although there is no direct evidence for this at 
present.
The biological mechanism for the production of DDE is more obscure and 
although an inducible glutathione activiated dehydrochlorinase has been 
isolated from houseflies which converts DDT to DDE (Lipke et al.,1959) 
there is no indication that such a system operates in vertebrates where 
cytochrome R ^ o  involvement is likely but not proven. It is probable that 
the same enzyme system is involved in the production of DDMU and DENU from 
DDD and DDMS.
The oxidative metabolism of DDT to form phenolic derivatives such as 
hydroxy-DDE, hydroxyl at ed - ethane or methane derivative-such as dicofol, 
FVT125, and .dichlorobenzhydrol, hydroxy-DDA and epoxides, is likely to 
involve the mixed function oxidase system and cytochrome 1^ 50. Both 
DDT and DDD have been shown to give type I binding spectra with 
cytochrome H 50 (Kulkarni et al. ,1975) but it is not known how this is 
related to metabolite production.
The production of diols from epoxides is generally catalysed by a
hydratase enzyme, such as epoxide hydratase, and this may possibly be
b
involved in the conversion of DDNU to DDOH (Brooks,197^• Birds appear
to generally have low activities of this enzyme (El Zorgani et al.,1970) 
which may affect their ability to metabolise DDT.
Suggs et al.(l970) reported that DDOH was converted to the aldehyde by 
a crystalline liver alcohol dehydrogenase which could also catalyse the 
reverse reaction.
There have been reports that o,p'-DDT can be converted to-pjP^DDT, for 
example this was found in rats by Klein et al.(l964), but these were later 
found to be incorrect as biological enhancement of low, contaminatory 
levels of p,p’-DDT in the dose could explain the results (Bitman et al., 
1971)* Abou-Donia and Menzel(l968) also appeared to find conversion 
of p,pf-DDT to o,p'-DDT but again contamination of dose may have been 
responsible.
The metabolism of DDT has some common features in most living organisms.
A comparison amongst the vertebrates indicates that mammals in particular 
readily produce DDA and that although many birds and fish can form DDA 
. they do so less easily and some species such as the pigeon and trout pro­
duce very little or none. The metabolic pathways for DDT in most mammals 
are probably the same as suggested for the rat and mouse by Peterson and 
Robison(1964) and Gold et al.( 1 981). Although according to Gold et al. 
DDCHO can be the common precursor of DDOH and DDA and Peterson and 
Robison suggested DDA was derived from DDOH via the aldehyde, the former 
situation may be more correct because DDOH was not given to the rats and 
DDA production from it was only assumed. It is also possible that the 
formation of DDOH from the aldehyde is a reversible process, enabling 
DDA to be produced via DDNU, DDOH and the aldehyde, in addition to the 
route via DDMU-or DDNU-epoxide.
The metabolism of DDE to form phenolic metabolites appears to be common 
to birds and mammals but is probably a fairly minor route (Sundstrom,1977)* 
There is more doubt concerning the conversion of DDE to DBP reported in
chicks (Abou Donia and Menzel,1968) as no similar metabolism of DDE 
has been reported in any other bird dosed with DDE. The metabolic
conversion of DDE to DDA reported by Datta(l970) in the rat has also
not been found to occur in rats or other animals by any other author.
If these pathways do occur they are unlikely to account for much of the
available DDE. Another reported metabolite of DDE is the methyl, sulphone 
derivative found in mammalian adipose tissue but this is stored rather 
than excreted. There is therefore some mystery as to the possible 
degradation products of DDE produced by mammals and especially by 
birds.
The metabolism of a chemical, such as DDT, influences both its toxicity 
and its rate of elimination. Metabolites are usually, but not always, less 
toxic than the original compound for example, DDE is less toxic than 
DDT in most animals except seme birds such as the pigeon and DDMU appears 
to require metabolic activation before causing tumour induction in 
mice or hepatic enzyme induction in Japanese quail. The rate of 
production of DDA appears to be related to the excretion rate since 
animals such as the mouse,which readily forms DDA,have a very short half- 
life for DDT, while the pigeon, which produces very little, has a longer 
half-life. This is because DDA and in particular DDA conjugates are 
very water soluble and so readily excreted.
/V AIMS of th e project
There are many studies of DDT excretion and metabolism in the literature 
but it is very difficult to compare the results as conditions differ, 
often widely. In particular there is little information available 
on birds and the results obtained have tended to be contradictory.
One of the most important areas where knowledge is lacking is in the 
metabolism of DDE. Although it has been shown that DDA and phenoxy 
derivatives can be formed from DDE, these have not been found for many 
species and the evidence is far from conclusive for birds. DDE is an 
important environmental contaminant which is likely to persist for 
some time and is also a major metabolite of DDT, particularly in birds. 
Therefore detailed knowledge of its metabolic fate would be of consider­
able interest and value.
It has also been suggested that birds may metabolise DDMU in a different 
way to mammals, both from metabolic studies and because of its much 
greater potency as an inducer of hepatic microsomal enzymes in birds.
There is however no data available to enable a comparison of the 
metabolism of DDMU in birds and mammals.
Knowledge of the metabolism and excretion of a compound such as DDT is 
important in understanding the problems it may cause and so a comparative 
study of the avian and mammalian metabolism of DDT was carried out. The 
primary aim was to investigate the excretion and metabolism of DDT and 
three of its metabolites, DDD, DDE and DDMU in both birds and mammals 
under closely controlled conditions. The data provided by the study could 
then be used to compare and contrast the metabolism of DDT in birds and 
mammals and clarify the metabolic routes for DDT and DDE in birds.
The rat was ‘selected as a suitable mammal because of the quantity of 
data already available and the need to resolve a few discrepancies and 
fill omissions in the data. The Japanese quail was selected because
there is a little data available for this bird and it is a convenient 
laboratory animal* DDD was also included in the study because it is 
an important metabolite in the pathway to DDA in the rat and a com­
parison of its metabolism may help in understanding the pathways 
operative in the quail.
C H A P T E R  II
E X  P E R I M E N  T A L
I MATERIALS
1* Solvents
Acetone, n-hexane, diethyl ether, methanol, chloroform and ethyl 
acetate (Glass distilled grade) were obtained from Rathbum Chemicals 
(Walkerburn Ltd.), Ualkerburn, Peeblesshire, Scotland. Toluene 
(Analar) was supplied by BDH Chemicals Ltd., Poole, Dorset and ethanol 
(99*7% pure) by James Burrough Ltd., Montford Place, London, SE 11.
2. Chemicals and Reagents
Sodium sulphate (Analar) was obtained from BDH Chemicals Ltd., Baird 
Road, Enfield, Middlesex and was routinely heated at 500°C for 24h 
prior to use to remove impurities absorbed from the plastic container. 
Neutral alumina (V7oelm Pharma, Superactive), Celite 545? l,4-diC2-(5- 
phenyifoxazolyl) ] benzene (POPOP). Scintol S, 2-methoxyethanol and 
methyltolysulphonylnitrosamide were purchased from Koch-Light Laboratories 
Ltd., Colnbrook, Bucks. The g.l.c. 'column packings t 3% SP2401 on 100/120 
Supelcoport, 3% SP2100 on 100/120 Supelcoport, 3% SP2250 on 100/120 
Supelcoport, and 1.95% SP2401 mixed with 1.5% SP2250 on 100/120 Supelcoport 
-were obtained from Supelco Chromatography Services, Carr Lane Industrial 
Estate, Hoylake, Wirral, Merseyside. Kodak Blue Brand Regular X-ray 
film (BB5 Medical), Kodafix and Universal Developer were supplied by 
Kodak Ltd., Station Road, Hemel Hempstead. Silica gel (70-230 mesh,
Merck) was obtained from BDH Chemicals Ltd., Baird Road, Enfield, Middlesex 
silica gel G (type 60, Merck) from Anderman and Co., Central Avenue,
East Molesey, Surrey, silica Sep-Packs from Waters Associates (Inst.) Ltd., 
Chester Road, Hartford, Northwich, Cheshire and Sephadex LH20 from 
Pharmacia (Great Britain) Ltd., Uxbridge Road, London W5. Dimilume and 
soluene 350 were purchased from Packard Instrument Co., Church Road, 
Caversham, Berks., 'Carbon 14 Cocktail (R. J. Harvey Instrument Corporation)
from Laboratory Impex Ltd., Lion Road, Twickenham, Middlesex, and 
2.5-diphenyloxazole (PPO) from Hopkin and Williams Ltd., Romford, Essex. 
Metapol HC100 was obtained from Durham Chemical Distributors Ltd., 
Birtley, Tyne and Wear. Streptopen (500mg procaine penicillin BP,
500mg dihydrostreptomycin sulphate, 2% procaine hydrochloride and
0.25% cetrimide BP/ml) was obtained from Glaxovet, Greenford, England.
DDT (Rohm Haas), DDD(Rothane) and the following reference standards 
DDMS, DENU, DBP, and DDOH all greater than 99*5% pure by g.l.c. 
analysis, were supplied by the Tolworth Laboratory, Ministry of 
Agriculture, Fisheries and Food, Tolworth Surrey. DDA (98% pure) 
was supplied by the Aldrich Chemical Company, The Old Brickyard, New 
Road, Gillingham, Dorset and was purified by the following method.
A 59 sample was dissolved in 4Oml aqueous sodium hydroxide solution 
(10% w/v), washed three times with 50ral hexane and 50ml ether and then 
acidified (pH 3) using glacial acetiq acid. The solution was then 
ether-extracted (150ml total), the ether extract was dried over anhydrous 
sodium sulphate and evaporated. The solid remaining (3«lg) was DDA 
with melting point l65-l66°C and greater than 99*5% pure by g.l.c. 
analysis.
All other chemicals were of the highest grade commercially available.
3• Radiochemicals
The [ring-U-1 ^ C]DDT and  ^C]n-hexadecane were obtained from The 
Radiochemical Centre, Amersham, Bucks. The [1 *C]Spec-check SM87 was 
obtained from Koch-Light Laboratories Ltd., Colnbrook, Bucks.
II EXPERIMENTAL ANIMALS
Male TAS strain Wistar rats, 6-7 weeks old and weighing 170-240g were 
supplied by the Tolworth Laboratory, Ministry of Agriculture, Fisheries 
and Food. They were allowed food (4lB powered diet, Oxoid Ltd.) and 
water ad libitum.
Male Japanese quail (Coturnix coturnix japonica) from a highly inbred 
colony, 4 weeks old and weighing 75-100g were supplied by the Tolworth 
Laboratory, Ministry of Agriculture, Fisheries and Food. They were 
allowed food (turkey starter crumbs, Spillers, Ltd.) and water ad libitum. 
The animals were all kept at 21°C and 65% relative humidity with a 
constant light regime; 12h light for the rats and l4li light for the 
quail in a 24h period.
The ability of these animals to tolerate DDT, DDD, DDE and DDMU was 
tested by administering doses of each compound of 100-235nig/kg by intra- 
peritoneal injection and observing the dosed animals for 5 days. At 
the end of this period the animals were killed. The animals appeared 
unaffected by the doses given and although some receiving high doses 
appeared to have more fat associated with the liver than control 
animals the relative liver weights were all in the normal range for the 
age of animal used.
Ill DOSING COMPOUNDS
1. Preparation of DDT, DDD, DDE and DDMU
DDT was prepared from the technical grade (Rohm Haas) according to 
the method of West and Campbell(1950), with final recrystallization 
from ethanol to constant melting point (108-109°C).
DDD was prepared from technical DDD (Rothane) by repeated recrystalli­
zation from methanol to constant melting point (l09“110°C)e 
DDE and DDMU were synthesised from DDT and DDD respectively using the 
methods described by Apple(1968). The dehydrohalogenation reaction 
was carried out using alcoholic sodium hydroxide solution and was 
followed by recrystallization, from methanol, to the constant melting 
points of 88°C and 64°C for DDE and DDMU respectively#
The purity of the 4 compounds was determined using g.l#c. and found 
to be greater than 99%.
2. -Preparation of [ring-U-1 h c]PDD
i) Chemical Conversion
Using the method of Zimmer and Klein(l972) with the modification of 
Banyan et al.(1977) it was only possible to obtain yields of [ring-U- 
1^c]DDD of approximately 30% of 95% pure material. Therefore an 
alternative method was sought and as earlier work by Bunyan et al.(l966) 
had indicated that pigeon liver preparations readily reductively 
dechlorinate DDT under anaerobic conditions, a similar method, using 
rat liver was devised. The method employed for the preparation of 
the V  ** C]DDD which was used to dose the animals is described below.
Pat liver Preparation 
A rat, TAS strain weighing 240g, was killed by cervical dislocation 
and the liver was removed, washed with sucrose solution (0.125^“sucrose 
in 0.1% (w/v) Triton solution) and weighed. The liver was homogenised
using lg tissue in 2ml sucrose solution and poured into a 250ml coni­
cal flask containing 60ml 0.125M-Na2HPG, /0.02M-HC1 in 0*1% (w/v)
Triton solution and 60mg ascorbic acid. Approximately 1ml of Streptopen 
was added and the flask was closed with a rubber seal, A continuous 
stream of oxygen-free nitrogen was supplied through needles inserted 
into the seal and the flask was incubated for 4h at 37-38°C in a 
shaking water bath. Cring-U-1 * c]DDT (4.9mg, 90.677p-0i) in 1ml methanol 
was added using a syringe and the incubation was allowed to proceed for 
a further 42h period. Approximately 40ml of 10% (v/v) aqueous trichloro­
acetic acid was added. The solution was centrifuged (2,000 rev./min 
for 15 min), the supernatant removed and extracted with n-hexane in a 
liquid-liquid extractor and the pellet was mixed with anhydrous sodium 
sulphate then soxhlet extracted with hexane for 1.6h, The glassware 
was also thoroughly rinsed with hexane. The hexane extracts and wash­
ings were combined, dried over anhydrous sodium sulphate and reduced in 
volume to 3^1,Aliquots (500pl) were.applied to alumina columns (2.5g 
neutral alumina activity IV) and eluted with 30ml n-hexane. The eluates 
were pooled, reduced in volume to 2ml and applied as a continuous band 
to the bottom of preparative layer chromatography plates. The plates 
were developed in hexane and air dried a total of 3 times. The active 
bands were located using a 4X1 Tracerlab Scanner with a ratemeter 
setting of 10K cpm, scraped off and eluted in n-hexane as described 
by Odam et a3.(l975)» The band corresponding to DDD on electron cap­
ture gas chromatography was reapplied to plates and the procedure repe­
ated, Samples (50jil) were taken for scintillation counting from each 
hexane extract and the glassware washings, from the column eluate and 
the final hexane extract*
Most of the radioactivity was recovered from the extract of the pellet, 
61.9% (56.09]iCi), with 8.4% (7»6l pCi) recovered from the flask washings
and only 0.1% (O.lOpCi) from the extract of the supernatant. The 
recovery after alumina column, clean-up was 70.1% and after prepara­
tive layer chromatography 68.4%. A total of 62.06p.Ci of DDD, 
greater than 99*5% pure by g.l.c. with specific activity 20.38p.Ci/mg 
was obtained using this method.
3• Preparation of [ring-U-1 * c]PDE
[ring-U-11* c]DDE was synthesised from [ring-U-1 * cjDDT by chemical 
dehydrohalogenation in an alcoholic potassium hydroxide solution 
(2g potassium hydroxide in 20ml ethanol). The solution was 
stirred and allowed to reflux gently for 3h. The DDE was-then preci­
pitated by pouring into 50ml cold water and extracted into diethyl 
ether (3 x 25ml). This was dried over anhydrous sodium sulphate, re­
duced in volume to 3ml and applied in 500>ul aliquots to preparative 
layer chromatography plates. The plates were run in n-hexane / chloroform 
(90 : 10 v/v) and the active bands were located using a 4 XI Radiochromatogram 
‘"Scanner. The radioactive areas were scraped off and eluted in n-hexane 
(Odam et al.,1975) and those containing only DDE by g.l.c. analysis 
were pooled.
A total of 240.4mg, 80.00pCi Cring-U-1 *c]DDT were used and 60.70pCi of 
[ring-U-1 ** c] DDE (75*9%) greater than 99% pure by g.l.c. analysis, were 
recovered. The specific activity was 0.300pCi/mg.
4. Preparation of [ring-U-1 **c]PDMU
This was synthesised by the dehydrohalogenation of [ring-U-1 *cDDDD 
using 0.35M-alcoholic sodium hydroxide solution according to the 
method of Bunyan et al.(l977)« A 50pCi sample (specific activity
0.668p,Ci/mg) was further purified by applying to an alumina column 
(neutral, activity III, lOg, 5cm x 2cm) and eluting with n-hexane.
Fractions were collected (5ml) and the results of g.l.c. analysis and
scintillation counting indicated that the first 15ml contained only 
DDMU and the following 30ml contained some DDMU and impurities. The 
recovery was 48.86p.Ci (97*7%) of DDMU, greater than 99*5% pure by 
g.l.c. analysis.
IV ADMIN I STRATI ON OF COMPOUNDS AND SAMPLE COLLECTION
The doses to be administered were;prepared by mixing radiolabelled 
and unlabelled compound to. give the required specific activity. The 
purity of the doses was checked using g.l.c. with electron capture 
detection and was found to be greater than 99%. The contamination 
of the administered doses with DDE was estimated as described in sec­
tion V.8.c. and was found to be less than 0.5% for DDT and less than 
0*3% lor DDD and DDMU.
Each of the radiolabelled compounds was dissolved in corn oil (Mazola, 
containing no electron-capture detectable contaminants in lpl), and 
thorough mixing was ensured by sonification. The oil was warmed to 
35°C and administration was by intraperitoneal injection at the dose 
levels given in Table 3* Dosing always took place between 14.00 and 
15*00 hours.
The rats were then individually housed in shielded metal metabolism 
cages which enabled the separate collection of urine, in glass flasks, 
and faeces, in plastic bags. The urine and faeces were collected 
daily and the separators were then changed with any material adhering 
to them being added to the faeces collection. Every seven days the 
cages were washed out and aliquots of the pooled washings were counted.
The quail were individually caged over glass plates. These were 
changed daily and the excreta was allowed to air dry for 241a before
being scraped off into .glass vials. Any feathers or food were separated
from the droppings and discarded..... .... . ....... .....
All excreta collections from rat and quail were stored frozen (approxi­
mately -20°C) until required for analysis. ..
At the end of the collection period the animals were killed, the rats
by gasing with carbon dioxide and the quail with ether. The bodies were 
weighed then stored frozen until required for dissection.
/At dissection the animals were skinned, the visceral fat was removed 
wherever visible, the muscle was removed as far as possible from the 
carcass and the various organs were taken. When later examined the 
rat skins therefore included the tail, fur and subcutaneous fat and 
the quail skins the feathers and subcutaneous fat.
TABLE 3 
DOSING SCHEDULE
DOSE DETAILS
ANIMAL
BODY
WEIGHT
(g)
[u c]
LABELLED
COMPOUND
SPECIFIC
ACTIVITY
(nCi/mg)
CORN OIL 
(ml)
ACTIVITY
(nCi)
COMPOUND
(mg)
DOSE 
(mg/kg!
Rat 198 DDT 173 0.60 7181 41.49 209.5
Rat 178 DDT 173 0.50 5984 34.57 194.2
Rat 174 DDT 173 0.50 5984 34.57 198.7
Rat * 178 DDE 172 0*25 6854- 39.-76 223.4
Rat 210 DDE 172 0.30 8225 41.71 198.6
Rat 187 DDE 172 0.25 6854 39.76 212.6
Rat 183 DDD 181 0.25 6420 35.45 193.7
Rat 184 DDD 181 0.25 6420 35.45 192.7
Rat 184 DDD 181 0.25 6420 35.45 192.7
Rat 195 DDMU 115 0.23 4277 37.22 191.0
Rat 202 DDMU 115 0.25 4277 37.22 184.3
Rat 240 DDMU 115 0-25 4277 37.-22 155.2
J. quail 84 DDT 292 0.30 4085 14.25 170.7
— J. quail 83 DDT 292 0.30 4085 14.25 167.7
J. quail 90 DDT 292 0.30 4085 14.25 159.2
J. quail 95 DDE 300 0.30 6929 23.07 242.8
J. quail 98 DDE 300 0.25 5775 19.22 196.1
J. quail 96 DDE 300 0.25 5775 19.22 200.2
J. quail 89 DDD 262 0.25 6539 17.58 197.5
J. quail 90 DDD 262 0.25 6539 17.58 195.3
J* quail 84 DDD 262 0.25 6539 17.58 209-3
J* quail 75 DDMU 218 0.25 3342 15.30 204.0
J. quail 73 DDMU 218 0.30 3342 15.30 209.6
J. quail 80 DDMU 218 0.30 4010 18.36 229.5
V SAMPLE ANALYSIS
1. Solvent Extraction
a) Rat faeces
Several of the rat faeces samples also contained a large amount of food 
which was separated from the faeces using a sieve. The faeces were 
weighed, ground up with pestle and mortar and a 500mg sample removed 
for radioactivity determinations. The remaining faeces were ground 
up with 3 times the weight of anhydrous sodium sulphate until a free 
flowing powder was obtained. The homogenous mixture was placed in a 
soxhlet thimble (Whatman) and continuously extracted with n-hexane for 
21h. After drying the material was extracted with methanol for a fur­
ther 21h. A few thimbles were then emptied, the contents were well 
mixed and 500mg samples were removed for combustion.
b) Quail faeces
The excreta were ground to a fine powder using a pestle and mortar,
250mg were removed for radioactivity determinations, and the remainder 
was mixed with twice the weight of sodium sulphate until a free flow­
ing mixture was obtained. This was placed in a soxhlet thimble and 
extracted with n-hexane for 21h then methanol for a further 21h.\ A 
representative 500mg sample was then removed for combustion.
c) Tissues
The skin, muscle and carcass were finely chopped, and a 400mg sample 
of muscle was removed for combustion. They were then mixed with an 
equal weight of sand and ground up with 4 times the weight of anhydrous 
sodium sulphate. The mixture was placed in a soxhlet thimble and 
extracted with n-hexane for 21h. A few samples were then extracted with 
acetone for a further 21h. The extracts were all reduced in volume 
by rotary evaporation to 10 or 25nl and 50pl samples were taken for
scintillation counting. There was no correction made for losses of 
radioactivity incurred during extraction or for efficiency of 
extraction. The extracts were stored at 4°C until required for further 
analysis.
2. Analysis of Hexane Extract of Rat Faeces and Quail Droppings 
The hexane extracts from the faeces collected during the first 15 days 
after dosing were pooled and analysed as outlined in Figure 6.
The most effective clean-up procedure involved the application of the 
sample to an alumina column and then to a silica Sep-pack. If necessary 
the sample was applied to a second silica Sep-pack.
Extracts were applied to t.l.c. plates as a spot, which was sometimes 
diffuse due to extraneous material. The plates were run 4 times in 
hexane (solvent system (l) ) then twice in hexane/acetone (42.1:1 v/v) 
(solvent system (2) )* These solvent systems gave reasonable separation 
of all standards except DDE and DDMU as shown in Table 4 below:-
TABLE 4
T.L.C. SEPARATION OF DDT AND METABOLITES
Compound % © E  solvent system (l) %)DE solvent system (2)
DDE 1.0 1.0
DDMU 1.0 1.0
DDT 0.86 0.8?
DDD 0..71 0.63
DBMS 0.60 0.73
DBP 0.38 0.49
DDOH 0.16 0.24
The R^ values are expressed relative to DDE as slight variations occurred betwi 
runs. The spots were located using a silver nitrate spray (Kovacs,1966) 
as modified by Torpey (unpublished), (O.lg silver nitrate, 1ml distilled 
water, 30ml phenoxyethanol made up to 200ml with acetone and 3 drops 
hydrogen peroxide added. After spraying the plate, dried at 60°C for
fxnin, was developed under a U.V. lamp for 30min).
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The use of autoradiography (see V.6c.ii.) enabled the detection of low 
levels of radioactivity. There was some spreading of spots, probably 
because of extraneous lipid associated with the sample, but may also 
have resulted from diffusion in the film.
After elution the spots were examined by g.l.c. and those which appeared 
to be the same for the 3 animals of one dose group were pooled. Although 
every spot could not be tentatively identified in this way, several were.
The radioactivity which appeared to correspond to the administered compound 
was further examined by g.l.c. and scintillation counting to determine 
the specific activity.
In order to characterise the activity which was not identifiable by t.l.c. 
and g.l.c., a sample of the combined extracts from DDMU-dosed rats and from 
DDD-dosed rats were both extracted with water and then with either hydro­
chloric acid or sodium hydrogen carbonate. The unextracted material and 
that recovered from the aqueous portion were cleaned up on alumina columns 
and subjected to 2-dimensional t.l.c. as described previously.
The more polar, unlofbwn material was also subjected to further t.l.c..
The plates were run in chloroform and the active areas located by scanning. 
The major areas of activity were eluted, methylated and then run on t.l.c. 
plates in hexane/acetone (9^1 v/v). After elution the major areas of 
activity were examined by g.l.c. Many of the isolated metabolites w ere  
submitted for mass spectrometry, provided they appeared to be fairly free 
from contamination by g.l.c. analysis. Generally g.l.c.-m.s. was used 
although for some of the more polar compounds direct insertion was necessary.
3* Analysis of Methanol Extract of Rat Faeces and Quail droppings 
The methanol extracts from the faeces collected during the first 15 days 
after dosing were pooled and analysed as outlined in Figures 7a and 7h.
IMepreliminary analysis^was carried out by partitioning the extracts 
between ethyl acetate and sodium hydrogen carbonate solution, followed
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by sodium hydroxide solution. ..Recovery, from the aqueous phase was into 
ethyl acetate. .These 3 fractions were then applied to Sephadex LH20 
columns, which frequently did not remove much colour-from the'extracts, 
but did reduce the amounts, of particulate, and lipid material present. The 
extracts were then applied to the t.l.c. plates and run in methanol/ 
chloroform/hexane (1:2:3 v/v).
The results of the above procedure indicated that most of the material 
was very polar and to facilitate further investigation, the methanol 
extracts were subjected to acid hydrolysis using 6M-hydrochloric acid.
Part of each of the resulting ethyl acetate extracts were applied to a 
silica gel/celite column, the first 120 ml eluated were reduced in 
volume and then examined by t.l.c. using methanol/chloroform/hexane 
(1:2:3 v/v). The remainder were extracted with sodium hydrogen 
carbonate solution and the two fractions were then subjected to column 
clean-up and t.l.c. using hexane/ethanol (9:1 v/v). The major areas 
of radioactivity were eluted, rerun on t.l.c. plates in chloroform, 
eluted and then methylated. The samples treated with diazomethane were 
re-examined using t.l.c. with hexane/acetone (9:1 v/v) and were then 
examined by g.l.c. -The cleanest of these samples and a few unmethylated 
samples were submitted for mass spectrometry. Those samples which appeared 
to be the same for the 3 animals of one dose group were pooled to provide 
sufficient material for mass spectrometry.
4. -Analysis of Urine
Very little work was done, on urine samples although a preliminary 
investigation on a DDT-dosed rat was carried out.
A _20ml sample.of urine from days 1-5. was extracted with hexane/acetic 
acid (49:1 v/v) as described by Della Fiorentina et al.(l978). The 
radioactivity extracted was assessed by scintillation counting and examined 
by g.l.c. both before and after treatment with diazomethane. The
aqueous portion was divided into two. - One portion-was made alkaline 
(pH 12) using 6M-sodium hydroxide, and the other.acidic (pH 2) using 
2M-hydfochloric acid. They were both heated over a steam'bath for 
30nin, cooled and extracted with hexane. Samples of the extracts
were examined by g.l.c. and by scintillation counting.
5. Analysis of Tissue Extracts
The hexane extracts of the skin, muscle, and carcass were examined by 
g.l.c. but the results were inconclusive because of high contamination.
The extracts of skin were cleaned up using alumina columns and the first 
150ml eluted were reduced in volume and examined by 2-directional t.l.c. 
as described in section V.7. of this chapter. The active areas were 
eluted from the plates, counted and examined by g.l.c. A limited number 
of samples were also submitted for mass spectrometry.
6. Determination of Radioactivity
a) Sample preparation
i) Digestion of organic material
A representative 500mg sample of rat and a 250mg sample of quail 
faeces were taken from each daily collection after thorough mixing 
and grinding using a pestle and mortar. The samples were air dried 
at 45-50°C to constant weight. Two 20-40mg samples were placed in 
glass vials and 100p.l water .and 1 ml Soluene 350. were added to each. 
The digestion was allowed to proceed.overnight at 50°C, the vials 
were cooled and 2 drops of hydrogen peroxide were added followed 
by Dimilume 30.
ii) ' Combustion of organic material
The combustions were carried out using a Packard Tricarb Sample 
Oxidizer (Packard Instrument Co., Church Road, Caversham, Berks.) 
and a Harvey Manual Oxidizer (R.J. Harvey Instrument Corporation,
I  - - - ■  ■ . . . '  : .
Patterson Street, . Hillsdale,-New Jersey, U.S.A.)
Packard,Tricarb. Sample. Oxidizer. ..
Three types of sample were combusted, the air dried excreta, 
freeze dried tissue and mixtures of sodium sulphate and excreta 
after extraction. Sample size was from 100-500mg, time of com­
bustion was set at 90s and combustion efficiencies, determined 
by adding * c]Spec-check to control samples, were generally
94-95% although the sodium sulphate/excreta mixes gave lower 
values of 89-92%. The samples were counted using a Packard 
Tricarb Scintillation Counter with Absolute Activity Analyser 
which gave efficiencies of 90-95%- 
Harvey Manual Oxidizer
Samples of tissue (200-400mg) from DDD- and DDE-dosed . animals were 
combusted. The correction coefficient (mean dpm added/mean dpm 
recovered) was determined using [1 * c]DDT added to mannitol and 
was usually 1.14-1.26. The values obtained were corrected by 
multiplying by this coefficient and the efficiencies for samples 
of control tissue to which C1 ** C^DDT had been added were then 
_.found to be 96-99%- The samples were counted on a Corumatic 200 
Scintillation counter (ICN Tracer lab, Ship Yard, : UeXj.bridge,
Surrey) in Carbon 14 Cocktail and the efficiency was 54% as 
determined using the external standard technique.
b) Scintillation Counting......... .....
Glass vials or glass vials, with plastic inserts were used with 12ml 
or 4ml of scintillant. The machine in routine use was an NE83IO Scinti­
llation Counter (Nuclear Enterprises, Beenham, Reading). Samples were
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usually counted for lOoim or until 10 c.p.m. had been recorded.
Counting efficiencies were determined using a quench correction plot, 
with internal standard estimation for verification. A quench correction
plot was obtained for- each scintillant ^ using C1 * c]n-hexadecane with 
carbon .tetrachloride as quenching agent* The channels ratio (channel 
3/channel2) was plotted.against percentage efficiency of counting and 
at the appropriate window setting, a linear plot, usually only in the 
higher efficiency range, could be obtained* Examples of typical plots 
are given in Figures 8a, b and c*
The scintillant routinely used to count organic solvents was prepared 
by dissolving 5g PRO and 0.2g POPOP in 1 litre toluene. Samples of 
20-50p.l of solvent in 4ml of scintillant generally resulted in counting 
efficiencies of 80-90%.
Aqueous samples \vTere counted in a scintillant prepared from 8.25g 
PPO, 500ml Metapol HC100 and 1 litre toluene. Samples of 1ml in 14ml 
scintillant gave efficiencies of 70-80%.
.Dimilune 30 was used to count digested samples, 12ml being added to each 
vial. The vials were then left in the dark and at room temperature for 
48h before counting when efficiencies were usually 65~75%- 
The scintillant used for the samples from the Tricarb Oxidizer was 
prepared from 60ml Scintol S, 100ml 2-methoxy methanol and 1 litre toluene and 
Carbon 14 Cocktail was used for samples from the Harvey Oxidizer,
c) Spot Location after t.l.c. of Radioactive Samples
i) Scanning
The equipment used was a 4ITICN Tracerlab Scanner (Ship Yard,
Weighbridge, Surrey) with the following operating conditions:-
Carrier gas 2% isobutane in argon
Carrier gas flow.rate 500ml/mip .
Slit Width 0«;25ins
Ratemeter setting l-10Kc.p.m.
Time constant 0.25s
Scanning Speed 0.2 or 0.75in/min
Only 5cm x 20cm glass plates could be used.
ii) Autoradiography
The plates were held in direct contact with X-ray film using 
cassettes. The plates used were 18cm x 20cm and a 4cm x 18cm
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glass insert was needed to-prevent movement* After 2 weeks the 
film.was removed.from the cassettes, developed using 2556 (v/v) 
Universal Developer for 4min, washed with 1% (v/v) acetic acid
and fixed using 20% (v/v) Kodafix for ^min« The active areas
could then be found by placing the t.l.c. plate over the film,
7. Clean-up Techniques
S^everal were tried, only those successful enough to be used routinely 
are described below.
a) Alumina column
Neutral alumina (activity IV) was packed into a glass column with a 
scinter (22g, 13cm x 2cm) and 2g of anhydrous sodium sulphate were 
added. The sample, in up to 1ml n-hexane, was added dropwise and elution 
was with 150ml n-hexane, followed by 50ml hexane/ether (9*1 v/v).
The superactive alumina (90g). was deactivated with 10ml distilled water 
to give the required activity.
b) Silica Sep-pack
The sample in 0.2ml n-hexane was added to a freshly opened Sep-pack. 
Elution was with 15ml n-hexane, then with 15ml n-hexane/acetone (9*lv/v) 
and finally with acetone (15ml).
c) Sephadex LH20 column
The sephadex was soaked in methanol for 2h then packed into a column 
(9cra x 2cm). The sample was applied in up to 0.5ml methanol and elution 
was with.100ml methanol.
d) Silica gel and celite column . ,' ■ _. ....
The silica gel (70-230 mesh) was heated at 100°C. for l6h prior to use. 
Celite (2g) was placed in the glass column followed by the silica (lOg) 
and anhydrous sodium sulphate (2g). The sample was applied in 1ml 
ether and elution was with 120ml ether followed by 30ml acetone.
The effluent.from every column was.monitored for radioactivity by re­
moving a-sample for scintillation counting from each fraction. Generally 
the radioactivity came off with the first solvent. Those fractions 
which contained radioactivity were generally pooled, although if 
very highly coloured and containing less than 1% of the applied 
activity they were discarded.
8. Thin layer and Preparative layer Chromatography
a) Plate preparation
The plates were 2mm glass and either 5cm or 18cm x 20cm and were spread 
using equipment supplied by Shandon Southern Products Ltd. (Chadwick 
Road, Astmoor, Runcorn, Cheshire). A slurry of 35g silica gel G 
(type 60) and 70ml water was thoroughly shaken for 90s and immediately 
spread over the glass to a thickness of 0.40mm (t.l.c.) or 1.0mm 
(preparative). The plates were activated at 100°C for l6h before use.
b) Sample application and developing solvents
The samples were applied in up to 5P0pl of solvent either as a 
continuous band or as a single spot.. The developing solvent was 
-"allowed to run 15cm above the origin. A range of solvents was used 
and frequently plates were run more than once, when a 15min 
interval was allowed for drying. For 2-directional, t.l.c. the plate 
was rotated about 90° before the second solvent run.
c) Sample elution - __
The radioactive areas were located as described in section V.6.c and 
then removed from the-.plates either using the method of Odam et al.
(1975) or for.very small spots by scrapping off onto the dull side 
of aluminium foil. The silica was then gently poured into a Pasteur 
pipette containing a glass wool plug which had been washed with 2ml 
acetone. Elution was with an appropriate solvent, usually acetone.
9* Gas Chromatography
a ) Equipment details . .
The instrument used was a. Pye series 104 with.electron capture ( Ni) 
detector connected to a lmV recorder and the following operating con­
ditions were employed
E.c. detector pulse mode 150}is 
Attenuation . 500
Column oven temperature 175°0
Detector temperature 
Chart Speed 
Carrier gas 
Carrier gas flow rate 
Injection volume 
Columns
300°C
Column packings
120 or l80mm/hr 
Oxygen free nitrogen 
80ml/min 
l-4pl
Oleum treated glass, 1,52m long, 
4mm internal diameter,
(1) 3% 2401 * and 3% SP2100** on 
100/120 Supelcoport - equal 
weight mix,
(2) 1.95% SP2401* and 1.5% SP2250* 
on 100/120 Supelcoport
* SP2401 is equivalent to 0V-210
** SP2100 is equivalent to 0V-101
*** SP2250 is equivalent to OV-17
b) Retention characteristics
TABLE 5
THE RETENTION TIMES, RELATIVE TO DDE, FOR SEVERAL CCMPOUNDS USING 2
DIFFERENT COLUMN PACKINGS
Compound RDDE Pack*n9 RDDE Pack n^9
DDT 1.78 2.02
DDD 1.40 1.72
DDOH 1.16 1.40
DDMS 0.97 . 1.15
DDE 1.00 1.00
DDMU 0.75 0.79
DBP 0.63 0.72
DDNU 0.41 O.38
Methyl-.ester 1.00 1.09
. of DDA
Some sample chromatograms are shown in Figure 9.
c) Quant i f i cat ion •
It has been suggested that peak height is proportional to the mass of 
compound injected onto the gas-liquid chromatograph, provided the 
compound has a relatively short retention time. This was found to be 
valid for DDT, DDD, DDMU and DDE as shown in Figure 10.
This method was used to check the purity of the dosed compounds and to 
estimate the specific activity.
d) Derivatisation
Methylation was used to increase the electron capturing ability and to 
reduce the retention time of polar compounds with a free hydroxyl or 
acid grouping.
The samples were methylated-using diazomethane generated from methyl- 
tolylsulphonylnitrosamide by the method of Echlenk and Gellerman(l96o) 
as modified by Odam and Townsend(197.6). The samples, dissolved, in 
10ml diethyl eth er/methanol (9:1v/v), were remqved after 15min by 
which time they appeared a straw yellow colour, and were stoppered.
They were left for l6h at room temperature and then the solvent was eva­
porated under nitrogen. The samples were redissolved in acetone.
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The procedure was checked using DDA for which a 99% conversion of up 
to 500pg could be achieved.
10. Extraction of organic solvent extracts and solutions with aqueous 
solutions
a) Extraction with water
The sample, in 50ml of organic solvent, was extracted three times with 
50ml of distilled water, pH 6, using a separating funnel. The aqueous 
phase was run off, pooled and washed with organic solvent. These wash­
ings were added to the organic phase from the initial extraction. The sol­
vent was dried over anhydrous sodium sulphate, reduced in volume and 
samples taken for scintillation counting. ,
b) Extraction with sodium hydrogen carbonate solution
This was carried out as described in section a) above with 0.5M-Na-HC05 
replacing the water.
Recovery of radioactivity from the aqueous - phase was carried out by 
acidification to pH 3 with 2M-HC1 followed by extraction with organic 
solvent (3 x 50^1). The pooled organic phase was dried over anhydrous- 
sodium sulphate, reduced in volume and samples taken for scintillation 
couting.
c) Extraction with sodium hydroxide solution
This was carried out as described in section (b) above with 0.5M-Na0H 
as the aqueous solution and for recovery of activity 2M-;HQ was added 
to give pH 7.
11. Hydrolysis of extracts •
The sample was placed in a round-bottomed flask and reduced to dryness 
by rotary evaporation at 80°C. The aqueous hydrolytic agent (70ml) vras 
then added and the solution was refluxed for 4h. After cooling the 
aqueous solution ■was extracted three times with ethyl acetate (50ml) 
which was then thoroughly washed with water until the pH of the aqueous 
wash was approximately 6* The ethyl acetate was then dried over anhy­
drous sodium sulphate and reduced in volume by rotary evaporation at 
80°C.
The hydrolytic agent was usually 6li-hydrochloric acid*
12* Mass Spectrometry
The 2 systems used routinely for mass spectral analysis of the samples 
are described below*
System (l) involved the use of a VG Micromass 12B mass spectrometer with 
magnetic focusing linked to a VG 2000 Data system* The samples were 
^usually introduced via_g*l*c.-m*s. using a Varian 1400 gas chromatograph 
with a glass column (0»9m, 1mm i.d*) packed with 3% SP2250 on 100/120 
Supelcoport* The helium flow rate was approximately 25ml/min and the 
temperature was 210°C or 220°C (isothermal). Occasionally direct inser­
tion was used when a sample was applied onto Bilsom glass wool in the 
solid probe with the temperature initially at 50°C and then raised to 
230°C. The mass spectra were obtained by electron impact ionisation 
with electron energy of 30eV at low resolution and with a source 
temperature of l80°C* The scanning range was from 510 to 20 mass units*
System (2) involved the use of a Kratos/AE1MS30 dual beam mass spectro­
meter linked to a Data General DS50 Data system* The samples were 
generally introduced via g.l*c.-m.s* utilizing a glass jet separator 
held at 250°C. The glass column, fitted to a Pye 104 gas chromatograph,
was 1*52111, 4mmi.d. and packed with . SP2250/SP2401 on 100/120 Supelcoport* 
It was held at 200°C isothermal with a helium flow rate of 40ml/min.
On a limited number of occasions samples were introduced by means of
o o
a solid probe, initially cooled, at 200 C or raised from 150 C to
200°C. All the runs were made at a resolution of 1000 (low resolution)
and at 70eV over a calibrated range of 20 to 419 mass units. The
scanning rate was lOs/decade. During the runs PFK (perflurokerosine), ’
used for calibrating the sample beam, was maintained in the reference
beam*
A third system was used for re-examining some of the samples. This 
consisted of a VG Micromass 70- 70F linked to a Finnegan Incos data sys­
tem. The samples vrere introduced via g.l.c.-m.s* using a Pye-Unicam 
204 gas chromatograph with a glass column (l*52m, 4mm i.d.) packed with 
3% SP2250 on 100/120 Supelcoport. The temperature was 225°C (isothermal) 
and the helium flow rate was approximately 40ml/min. The mass spectra 
were obtained by electron impact ionisation with ion beam energy 70eV, 
emission 200pA, accelerating voltage 4kV and source temperature of 210-
C H A P T E R  III
R E S U L T S
I. Determination of Excretion Rates
1. Assessment of methods of sample preparation for the scintillation 
counting of faeces samples
A comparison of the digestion method with the combustion method for the 
preparation of samples from rat and quail for scintillation counting indic­
ated that there was no common pattern of discrepancy and little difference 
between the results. Bo1h procedures gave small variations between duplicate 
samples C+ 2-10%) with the low activity samples showing the greatest per­
centage difference. The digestion method was therefore considered suitable 
for routine use in estimating the radioactivity in the faecal samples.
2. Excretion of radioactivity by the rat
The rats all appeared healthy and generally showed weight gain throughout
the periods of excreta collection as shown in Table 6. Two rats dosed with
[1<*C]DDMU showed wieght loss which was probably due to decreased food 
consumption as large amounts of food were found in the collections,of faeces 
from these animals* No gross abnormalities were observed on post mortem 
examination of the rats.
The values for the mean daily production of faeces and urine are shown in 
Appendix l.a. and the values for the percentage of the radioactive dose 
excreted each day are shown in Appendix l.b. The excretion of radioactivity 
is shown as a combined value for urine and faeces, but the proportion excreted 
in the urine was low, less than 7% of the dose in total, as can be seen in 
Appendix I.e. The mean values for the amount of radioactivity excreted 
daily from the three animals in each experimental group are shown in Figure 
li.
3« Excretion of radioactivity by the Japanese quail
The quail all appeared healthy and showed weight gain throughout the periods of-
TABLE 6
Summary of Animal Experimentation
Animal C1 ^ C]dose Body weight (g) Duration of excxeia
collection (days)
At dosing At death
RAT DDT 198 254 24
178 238 24
174 263 24
DDD 183 271 17
184 249 17
184 244 • 17
DDE 178 237 56
210 294 56
187 261 56
DDMU 195 228 17
i 202 1 80 17
240 238 17
JAPANESE DDT 84 103 ’ 44
QUAIL 85 109 44
90 107 44
DDD 89 107 23
90 98 23
84 91 23
DDE 95 108 70
98 112 70
96 110 70
DDMU 75 90 23
73 99 23
80 98 23
excreta collection and no gross abnormalities \*ere observed on post mortem 
examination.
The mean daily production of excreta is shown in Appendix 2,a* and the 
values for the percentage of the radioactive doses excreted daily are 
shown in Appendix 2.b. and illustrated in Figure 12, The third [1ltC]DDE- 
dosed quail excreted 45% of the radioactive dose in the first 24h but there­
after the excretion of radioactivity was extremely slow* It is possible 
that some of the radioactive dose was injected directly into the gut and the 
excretion values for this bird were not used in calculating the mean values® 
Time taken to excrete 50% of the administered radioactivity 
The time taken to excrete 50% of the administered radioactivity (and the 
95% interval estimate) has been calculated by linear interpolation (Snedecor 
and Cochran,1967) over that part of the curve covering the 50% point. The 
curve was obtained from the cumulative mean percentage of the dose excreted 
daily (Figures 11 and 12). The excretion of the radioactivity by the
I .
Japanese quail following the administration of [1<tC]DDE was very slow and in 
this case the time taken to excrete 50% of the dose was calculated by 
extrapolation. The results are shown in Table 7*
TABLE 7
Time taken by rats and Japanese quail to excrete 50% of the radioactivity 
administered as [1 * C]PDT, [14C]PPP, [1vc]DDE and [1*CjDDMU
t "c ]  compound administered Time (days)
Rat Japanese quail
DDT ' 12.1 £0.7* 47.7 + 3.3
DDD 3.4 +1.4 21.3+2.1
DDE 23.7 + 4.8 128.9 £  8.5
DDMU 6.4 £  2.6 4.3 £  2.2
* 95% interval estimate
Th
e 
Ex
cr
et
io
n 
of
 
ra
di
oa
ct
iv
it
y 
af
te
r 
i»
p«
 
do
si
ng
 
ma
le
 
ra
ts
 
wi
th
 
[1
t>
c3
DD
T
P*
c]
DD
D,
 
[1
*C
]D
DE
,a
nd
 
[1
*C
]P
DM
U
o
K
ID
CD
e
©
0
©
°  -5
CO
.*0 Qto
o
LO
to
>3-
o
10
CM
m
CD CDCO CM —
C
(U
CD O
0
CD
O
Q
Ke
y:
 a 
DD
T 
a 
DD
D 
© 
DD
E 
❖
D
D
M
U
Th
e 
ex
cr
et
io
n 
of
 
ra
di
oa
ct
iv
it
y 
af
te
r 
:i
.p
» 
do
si
ng
, 
ma
lo
 
Ja
pa
ne
se
 
qu
ai
l 
wi
th
 
[1 
'« 
C]
 D
DT
, 
[1 
'* 
C]
 D
D
D
, 
[1 
h 
C]
 D
DE
 
an
d 
[1 
4 
C]
 D
DM
U
<
<
o
©
©
©
e , 
e
©
©
©
©
©
©
©
<
•< ©
•<
© B < ©
♦ □ <
© 0 < ©
♦ Q <
©♦ n <
❖ 0 •<
❖ B < ©
❖ E
13
<
< ©
© E <
© B < ©
©
©
B
Q
<
< ©
© H <
© E3 < ©
❖
©
B
m
<
< ©
a < ©
© b < ©
❖ 13 •« ©
•»-------•-------«■ --- 1.... .
©
—  ,-- i— ----- r*
B -4 © 
©  B < © 
&«► C
-!■■■■■* | ■■■ ■
O
N-
LO
CD
o  o
CD
>.
03
ID  Q  
LO
O
ID
ID
Nt
o
ID
C\J
O
CM
ID
■t—
O
i—
LO
O
O
O
CD
O
CO
O
N-
O
CD
O
ID
O o
CO
o
C\]
c
03
0 o
0
0
Oa
Ke
y:
 a 
DD
T 
0 
DD
D 
» 
DD
E 
♦ 
D
D
M
U
II The Radioactivity Remaining in the Tissues
The radioactivity found to be present in the tissues by combustion or 
extraction is shown in Table 8, The values obtained for the individual 
organs, including the liver, kidney, gut, heart, lungs, brain and testes, 
were combined to give the values for viscera shown in the table. The 
largest residues were found in the gut and liver for all animals. The 
radioactivity present in the skin and carcass was assessed by counting 
the radioactivity in the hexane extracts of these tissues. The radio­
activity present in muscle was determined by both combustion and extraction 
procedures. For muscle, the two values were comparable although combustion 
gave on average 8.4% higher values than extraction. This suggests that 
the extraction process was approximately 90% efficient for muscle but no 
correction was made to the values for skin and carcass as the efficiency 
of extraction may vary between tissues.
III Overall Recovery of Radioactivity
The total radioactivity recovered from the tissues and excreta of each 
animal is shown in Table 9» The overall recovery of radioactivity was 
77-98% for the rat and 70-100% for the quail.
IV Solvent Extraction of Faeces —
The results of the solvent extraction of the faeces from rat and quail 
are shown in Table 10.
The radioactivity remaining in the faeces after extraction was also
determined and the results are shown in Table 11. The samples for the
second and third ['14 C]DDD-dosed rats were lost on combustion due to
machine failure* but the results obtained for the first [1 * C]DDD-dosed rat
indicated that there was a considerable discrepancy between the total
radioactivity as found by the digestion method and that recorded for
extraction followed by combustion. However the results from the other
dose groups show reasonable agreement between the two estimates of the 
radioactivity present.
TABLE 8
The percentage of the dose remaining in the tissues of rats and quail 
following the administration of P^CjDDT, P^cjPDD,- P^jCfjPDE and[1 * c]DDMU
Compounc/Animal % -of the dose remaining in : -
[11,c]ddt
Carcass** Fat* Sk in** Muscle* Viscera*
Rat 1 1.3 5.9 10.2 2.4 4.8
2 1.5 5.6 . . 7.4 . 2.3 4.6
3 0.8 6.5 12.4 2.3 5.4
Mean + S.D. 1.2 + 0.3 6.0 + 0.4 10.0 + 2.0 2.3 + 0.1 4.9 + 0„3
Quail 1 3.8 4.0 9.3 1.9 1.2
2 4.2 . 7.0 ; . 12.7 2.7 2*1
J 5.9 4.7 13.0 3.0 2.1
Mean + S.D. 4.6 + 0.9 5.2 + 1.3 11.7 + 1.7 2.5 + 0.5 1.8 +0.4
[1vc]ddd 
Rat 1 1.5 1.2 0.4 0.3 0.3
2 0.9 2.1 1.1 0.2 0.5
3_ 5.3 1.2 1.2 0.5 0.3
Mean + S.D. 2.6 + 2.0 1.5 .+ 0.4 0.9 + -0.4 0.3 + o.i 0.3 + 0.1
Quail 1 12.1 0.4 0.5 0.2 0.1
2 4.7 0.8 2.0 10.2 0.1
J 14.3 1.8 7.3 2.0 0.2
Mean + S.D.- 10.4 + 4.1 1.0 + 0.6 3.3 + 2.9 4.1 + 4.4 0.2 + 0.1
[1ac]dde
Rat 1 0.7 9.4 6.8 0.9 1.1
2 0.3 3.1 2.2 1.2 0.7
3_ 0.9 . 3.2 7.3 8.7 0.7
Mean + S.D. 0.6 + 0.2 5.2 + 3.0 5.4 + 2.3 3.6 + 3.6 0.8 + 0.2
Quail 1 11.1 18.5 25.7 6.0 5.1
2 12.7 25.0 22.8 13.4 6.9
_3 5.8 6.0 7.5 15.6 2.2
Mean + S.D. 9.9 + 3.0 13.2 + 5.3 18.7 + 8.0 11.6 + 4.2 4.7 *7* 2.0
P ^ cDddmu
Rat 1 0.1 0.7 10.0 3.3 0.4
2 0.2 0.1 1.5 0.6 0.1
3_ 0.2 0.2 9.8 1.5 0.3
Mean + S.D. 0.2 + 0.1 0.3 + 0.2 7.1 + 4.0 1.8 + 1.1 0.3 + 0.1
Qiail 1 0.3 1.2 0.2 0.1 0.1
2 0.7 1.8 3.8 0.9 0.2
J 1.2 1.3 3.9 4.2 0.6
Mean + S.D. 0.8 + 0.4 1.5 + 0.3 2.6 + 1.7 1.7 + 1.8 0.3 + 0.2
* Values obtained by combustion
** Values obtained by extraction
TABLE 9
The recovery of the radioactivity from the tissues and excreta of 
P 4C]PDT-, P*C]PEp-, P k C] DDE- and [1 h C]DDMU-dosed rats and quail
Animal P * C] dose % of thep^c] recovered:
Excreta Tissues Total
Rat 1 DDT 74.0 24.5 98.5
2 80.8 21.5 102.3
3 64.8 27.5 92.3
Mean 7 S.D. 73.2 7 6.6 24.5 + 2.4 97-7 + 4.1
Quail 1 50.3 20.1 70.4
2 37.1 28.8 65.9
3 49.3 28.7 78.0
Mean 7 S.D. 45.6 -7- 6.0 25.9 7 4.1 71.4 7 5.0
Rat' 1 DDD 86.6 3.9 90.5
2 . 92.6 5.3 97*9
3 73.5 8.7 82.2
Mean 7 S.D. 84.2 7 8.0 6.0 7 2.0 90.2 7 6.4
Quail 1 53.6 13.3 68.9
2 ■ 53.7 18.8 72.5 
3 43.7 25.8 69.5
Mean 7 S.D. 51.0 7 5.2 19.3 + 5.1 70.3 7 1.6
Rat 1 DDE 54.5 18.8 73.3
2 . 85.9 7.6 . 93.5
3 50.6 20.7 71.3
Mean 7 S.D. 63.7 7 15.8 17.5 7 5.8 79.4 7 10.0
Quail 1 28.7 66.2 94.9
2 24.9 80.8 105.7
3 62.0 37.0 99.0
Mean 7 S.D. 38.5 7 16.7 6l.3 + 18.2 99.9 + 4.5
Rat 1 DDMU 68.9 14.7 83.6
2 80.5 2.5 83.O
3 51.8 12.1 63.9
Mean 7 S.D. 67.1 7 11.8 9.7 7 5.2 76.8 7 9.1
Quail 1 99.0 1.8 100.8
2 89.6 7.5 97.I
J  90.1 11.2 101.3
Mean 7 s.D. 92.9 7 4.3 6.8 7 3.9 99.7 7 1.9
Recovery of radioactivity in hexane extracts and subsequently 
in methanol extracts of faeces from ‘ c]DDT~ , [1 ^ c]PDP-/
! P^CjPDE-, and  ^CjPPMU-dosed rats and quail
HEXANE METHANOL TOTAL
Compound/ % of dose % of % of dose % of % of dose % of
Animal activity activity activity
in faeces in faeces in faecei
[1 h clPPT
«m>U— Mina
Rat 1 11.8 16.3 23.1 31-9 . 34.9 48.2,
2 13.7 17.3 27.2 34.4 40.9 51.7
3 13.0 20.6 24.0 38.2 36.9 58.9
Mean?S.P. 12.8+0.8 18.1+1.8 24.8+1.8 34.8+2.6 37.6+2.5 52.9+4.4
Quail 1 14.6 29.0 18.8 37.3 33.4 66.3
2 7.9 21.3 14.6 39.3 22.5 60.6
_ 3 15.1 20.6 16.8 34.1 31-9 64.7
Mean+S.P. 12.5+3.3 27.0+4.1 16.7+1.7 36.9+2.1 29.2+4.8 63.9+2.4
C1* c]ppp
Rat 1 11.6 14.7 16.0 20.3 27.6 34.9
2 12.7 14.7 18.8 21.7 31.5 36.3
3 12.7 18.6 15.8 23.1 28.4 41.7
Mean+S,P. 12.3+0.5 16.0+1.9 16.9+1.4 21.7+1.2 29.1+1.7 37.7+2.9
Quail 1 15.6 28.2 30.7 55.6 46.4- 83.6
2 9.4 19.6 32.1 59.3 41.5 78.9
3 6.0 13.8 27.5 62.9 33.5 76.7
Mean+S,P, 10.4+4.0 20.6+5.9 30.1+1.9 59.2+3.0 40.5+5.3 79.7+2.9
V 1* C]PPE
Rat 1 20.7 38.6 7.5 14.0 28.2 52.6
2 31.8 37.7 10.9 12.9 42.7 50.6
I 21.3 43.8 6.9 13.9 28.2 57-7
Mean+S,P, 24.6+5.1 40.0+2.7 8.4+1.8 13.6+0.5 33.1+6.8 53.6+3.0
Quail 1 12.0 41.7 5.2 18.3 17.2 61.0
2 11.3 45.4 4.6 18.6 15.9 64.1
_ 3 38.0 61.3 2.9 4.6 40.9 66.0
Mean+S.P, 20.4+12.4 49.5+8.5 4.3+1.0 13.9+6.5 24.7+11.5 63.7+2.1
[1* C]PDMU
Rat 1 32.0 49.2 13.6 20.9 45.6 70.1
2 45.0 57.9 22.1 28.5 67.1 86.4
3 26.2 52.6 12.7 25.4 38.8 78.0
Mean+S.P. 34.4+7.9 53.2+3.6 16.1+4.3 24.9+3.1 50.5+12.1 78.1+6.7
Quail 1 3.5 3.6 70.6 71.3 74.1 74.8
2 4.2 4.7 62.9 70.2 67.1 74.9
_ 3 4.5 5.0 5° .3 55.8 54.8 60.8
Mean+S.P. 4.1+0.4 4.4+0.6 61.3+8.4 65.8+7.1 65.4+8.0 70.2+6.6
TABLE 11
Radioactivity remaining in the faeces after solvent extraction
* C] compound Animal Unextracted radioactivity^ Extracted * Unextracted
in faeces (% of total*) radioactivity in faeces
(% of total*)
DDT Rat 1 13.2 61.4
2 26,9 78.6
3 28.7 87.6
Average 22.9 75.8
DDT Quail 1 11.1 77.4
2 10.3 70.9
3 13.5 78.2
Average 11s 6 75.5
DDD Rat 1 13*3 48.2
2 Not done 36.3
3 Not done 41.7
Average - 42.1
DDD Quail 1 27.5 111.1
2 18.2. 97.1
3 14.9 91.6
Average 20.2 99.9
DDE Rat 1 61.8 114.4
2 42.3 92.9
3 41.8 99.5
Average 48.6 102.2
DDE Quail 1 14.1 75.1
2 20.0 84.1
3 46.3 112.3
Average 26.8 90.5
DDMU Rat 1 14.2 84.2
2 31.1 117.5
3 17.5 95.5
Average 20.9 99.0
DDMU Quail 1 14.5 89.3
2 15.6 90.4
3 11.7 72.5
Average 13.9 84.1
extracted only
Determined by combustion of faeces samples before extraction. 
Determined by combustion of faeces samples after extraction with 
hexane and methanol.
V Hexane Extracts of Skin and Faeces
!• Recovery of radioactivity after clean-up procedures
The radioactivity recovered following the clean-up of the hexane extracts 
using alumina columns and silica sep-packs is shown in Table 12. The figures 
given are for the overall recovery where the application of a sample to a 
column was repeated. The average recovery of radioactivity was 70*8% for 
the rat faeces extracts, 76.3% Tor the quail faeces extracts, 83.0% for rat 
skin extracts and 89.7% for the quail skin extracts.
2. Examination of the hexane extracts by t.l.c. and g.l.c.
Sample autoradiographs of the 2-directional t.l.c. of the hexane extracts 
of the faeces from each of the 8 dose groups are shown in Appendix 3. The 
autoradiographs from the three animals of one dose group were all very 
similar. The average R^ values and the percentage of the radioactivity recovered 
in each spot for both skin and faecal extracts are listed in Tables 13? l4j 15 
and 16. The radioactive spot was tentatively identified where the retention 
time on g.l.c. and the R^ values on t.l.c. both corresponded to the values 
obtained for a reference standard. DDT, DDD, DDE, DDMU, DBP and DDOH were 
all identified in this way but there were also several unidentified components.
The results of the further t.l.c. with different solvent systems of these
unknown components both before and after treatment with diazomethane are
shown in Table 17. It is unlikely that every sample was methylated by the
diazomethane but where an increase in the R^ , value was found after treatment1
methylation was likely to have occurred.
3. Specific Ac tivity Determination
The values found for the specific activities of those  ^C]-labelled compounds 
which were excreted unchanged are shown in Table 18.
4. The extraction of the hexane extracts of [1**C]PDMU- and [1I>C]DDD- dosed rats 
The results of the extraction of the hexane extracts of the faeces from F* ^ C] 
DDMU- and * C]DDD-dosed rats with 0.5M- sodium hydrogen carbonate solution
and 0.5M-hydrochioric acid solution are shown in Table 19* The recoveries of
TABLE 12
The recovery of radioactivity after the clean-up of the 
hexane extracts of faeces and skin
% recovery of radioactivity 
Alumina Column Silica Sep-packs
Extract of faeces Extract of Skin Extract of faeces
Rat dosed with:
[1 k c]ddt
t1 h C] DDD 
 ^Cl DDE 
C1’* C]DDMU
77-5
not done 
not done 
90.1
82.0
84.7 
81.5
83.8
96.9
63.1
76.4
88.5
Quail dosed with:
[1* c]ddt 
[14c]ddd 
[1A c]dde 
[1i>c]ddmu
85.2 
not done 
not done
85.3
83.7
93-9
91.0
90.1
99.1
76.4
81.7
88.3
TABLE 13
R "values of radioactive metabolites separated by 2-directional t.l.c. 
of the hexane extract of faeces and skin from [1 * c]DDT-dosed animals
a) Rat •
i) Faeces
Reference R^ in solvent R^ in solvent Tentative % of
Number system 1* system 2** Identification activity present
1 0 - 0.1 0 - 0.1 Unknown 57*0
2 0.15 0.17 DDOH 19.5
3 0.24- 0.12 Unknown 7*4
4 O.33 0.18 DBP 5.4
5 0.68 0.54 DDD 5.9
6 0.74 0.70 DDT 3.8
7 0.83 0.82 DDE 1.0
ii) Skin
1 0.67 0.49 DDD 7.9
2 0.78 0.68 DDT 83.6
3 0.83 0.81 DDE 8.5
b) Quail
i) Faeces ^
1 0.59 O.58 DDD 1.8
2 O.76 0.73 DDT 91.6
3 0.85 0.84 DDE 6.5
ii) Skin
1 0.73 0.49 DDD 2.7
2 0.75 0.66 DDT 62.6
3 0.86 0.81 DDE 34.6
The figures in this table are the mean values for the extracts from the 3 
animals in each group.
Tentative identification is based on t.l.c. R^ values and g.l.c. analysis
* Solvent system 1 : 4 x hexane
** Solvent system 2 : 2 x hexane/acetone (49.1 : 1 v/v)
TABLE 14
H values of radioactive, metabolites separated by 2-directional t.l.c. 
of the hexane extract of faeces and skin from P^CjPDD-dosed animals
a) Rat
i) Faeces
Reference R^ in solvent R^ in solvent Tentative % of
Number system 1* system 2** 1dentification activity present
1 0.00 0.00 Unknown 29*1
2 0.06 0.12 DBP 24.5
3 0.21 0.23 Unknown 16.6
4 0.64 0.79 Unknown 2.3
5 0.69 0.51 DDD 15.5
6 0.81 0.84 DDE 12.0
ii) Skin
1 0.50 0.44 DDD 31.1
2 0.57 0.39 DDD 39.5
3 i 0.73 0.76 DDE 29.5
b) Quail
i) Faeces
1 0 - 0.05 0 - 0.05 Unknown 49*8
2 0.08 0.09 Unknown 18.3
3 0.16 0.18 DBP 10.3
^ 0.21 0.34 Unknown 6.6
5 0.52 0.47 DDD 23.8
6 0.79 0.81 DDE 9.4
ii) Skin
1 0.48 0.32 DDD 61.5
2 0.8Q 0.68 DDE 36.5
3 0.82 0.70 DDE and DDMU 2.0
The figures in this table are the mean values for the extracts from the 
3 animals in each group.
Tentative identification is based on t.l.c. Rf values and g.l.c. analysis.
* solvent system 1 : 4 x hexane
** solvent system 2 : 2 x hexane/acetone (4vL*I:l v/v)
TABLE 15
values of radioactive metabolites separated by 2-directional 
of the hexane extract of faeces and skin from * Cl DDE-dosed animals
a) Rat
i) Faeces
Reference R^ . in solvent R .^ in solvent Tentative % of
Number system 1* system 2** Identification activity present
1 0 .00 0 i00 Unknown 30*3
2 0.10 0.31 DBP 4.2
3 0.44 0.30 Unknown 40.0
4 0.84 0.78 DDE 25.5
ii) Skin
1 ' O.83 O.76 DDE 4.9
2 0.86 O.83 DDE 93.I
b) Quail
i) Faeces
1 0.48 0.46 DBP 0.3
2 0.91 0.88 DDE 97*7
ii) Skin
1 0.91 0.85 DDE 100
The figures in this table are the mean values for the extracts from the 
3 animals in each group.
Tentative identification is based on t.l.c. R^ values and g.l.c. analysis.
* solvent system 1 : 4 x hexane
** solvent system 2 : 2 x hexane/acetone (49.1 ' 1 v/v)
TABLE 16
R values of radioactive metabolites separated by 2-directional t.l.c. 
•— f — ---------------------------------------------------------------------------------- -----------------------------------
of the hexane extract of faeces and skin from * C]DDMU-dosed animals
a) Rat
i) Faeces
Reference
Number
1
2
3
4
5
6
ii) Skin
R _ in solvent 
system 1*
0-0.05
0.13
0.44
0.39
0.58 
0.82
R in solvent 
system 2**
0-0.05
0.13
0.22
0.59
0.44
0.81
Tentative
Identification
Unknown
DDOH
Unknown
DBP
DDD
DDMU
% of
activity present
46.0 
19.5
14.0
3.4
3.4 
13.8
0.45
0.73
0.54
0.75
Unknown
DDMU
6.8
93.2
b) Quail
i) Faeces
1
2
3
4
5
ii) Skin
0.00
0.18
0.29
0.38
0.82
0.00
0.20
0.29
0.60
0.81
Unknown
DDOH
Unknown
DBP
DDMU
7.6
13.0
18.6
17.3
43.5
0.53
0.74
0.71
0.77
Unknown
DDMU
3.4
96.6
The figures in this table are the mean values for the extracts from the 
3 animals in each group.
Tentative identification is based on t.l.c. R^ values and g.I.e. analysis,
* solvent system 1 : 4 x hexane
** solvent system 2 : 2 x hexane/acetone (49.1 : 1 v/v)
TABLE 17
s"
values obtained on further t.l.c. of some of the radioactive-. 
components of hexane extracts of faeces from [^ClPDT-, [1i>c]DDD-, 
C1j>c3DDE- and C1 * C]DDMU-dosed rats and quail
[ C] Reference* R 
compound Number
RAT
- in R^ . of methylated
nloroform ' sample in hexane/acetone 
( 9 : 1  v/v)
DDT l.a. 0.1 (7*7/0 0.0
l.b.i. / 0.3 (13*9%)
l.b.ii. °*3 0.5 (86.1%)
2 0.4 0.7
3 0 .5  0.6
DDD 1 0.2 0.1
3 0.6 0.3
DDE l.a. 0.0 (8.1%) 0.1
l.b. 0.3 (91.9%) 0.2
3 0.4 0.6
DDMU l.a. 0.0' (5%) 0.1
l.b.i. /q Q0/\ 0.2 (66.5%)
^l.b.ii. 0.2(82.9.) 0.3(33.5%)
I.e. 0.4 (12.1%) 0.3
QUAIL
DDD 1 0.0 0.0
DDMU l.a. . 0.2 (47.5%)
l.b. * 0.4 (52.5/)
3 0.6 0.5
The R^ value for the methyl ester of DDA in hexane/acetone (9:1 v/v) 
was 0.5*
The figures in parenthesis are the %! s of the radioactivity recovered .by' elutio 
associated with a particular R^ . value.
* The number corresponds to the reference numbers i.n Tables 12-16. . .
Additional letters have been added where more than one radioactive 
component was detected using chloroform or hexane/acetone (after 
methylation) as the developing solvents.
..TABLE 18
Specific Activity Determinations of P/*C] Compounds 
recovered unchanged in the hexane extracts of the faeces
[1 ^ C] compound Species nCj/ml * p.g/ml* Specific Activity
(nCi/mg)
DDT Rat 5.3 31.0 171 (173)
Quail 1.6 5.0 320 (292)
DDD Rat 8.0 38.O 211 (l8l)
Quail 1.4 4.3 325 (262)
DDE Rat 4.4 43.0 105 (172)
Quail 3.2 23.0 139 (300)
DDMU Rat 4.4 36.0 122 (115)
Quail 3.1 12.0 258(218)
* These values are averages of 2 determinations carried out on 
pooled samples from the 3 animals in each dose group.
Figures in parentheses show the calculated specific activities of the 
dosed compounds.
radioactivity from the aqueous solutions were fairly low; 39*6%
and 60.6% of the radioactivity in the bicarbonate solution was extracted
into hexane on acidification and 4.0% and 14*7% of the radioactivity in
the hydrochloric acid was extracted into hexane on adjusting to alkaline
pH for [1 ^ C]DDMU- and [1 ^ CjDDD-dosed rats respectively. The radioactivity
which was not extracted into aqueous solution and that which was recovered
from the bicarbonate solutions were subjected to 2-directional t.l.c. and
the results are also shown in Table 19* Insufficient material was
recovered from the acid for detection by autoradiography.
5. Identification of the radioactive compounds present in the hexane
extracts of skin and faeces from [1^C]PDT-, [^CjPDD-, [1i>C]DDE-, and 
[1 * CjDDMU-dosed rats and quail
The radioactive compounds in the hexane extracts are described by the
reference numbers given in Tables 13-17.
The m/e values of the principal fragment ions observed in the mass spectra
of the available reference standards are shown in Appendix 4. Most of
those compounds tentatively identified by 2-directional t.l.c. and by g.l.c
gave mass spectra consistent with the appropriate standards. A list of the
+ +
relative abundances of the (M ) to the (M + 8) ions when from 1 to 5 
chlorine atoms are present is also given in Appendix 4 and comparison with 
these values enabled an estimation of the number of chlorine atoms present 
in a sample.
Some difficulties arose with the identification of DDOH which could not be 
detected by g.l.c.-m.s. in the samples of t.l.c.2e from [1/fC]DDT- and 
[1 ** C]DDMU-dosed rats although DDOH was detected in t.l.c. l.b.i. from 
[1 *CjDDMU-dosed rats.
For the sample t.l.c.2„ from [1 *C]DDMU-dosed quail, DDOH was apparently the 
major component but it is doubtful that it was the only compound present. 
There was some suggestion of a compound with a retention time of 2min on 
g.l.c.-m.s. (system (2) ) (compared with lOmin for DDOH) with m/e 3^4 as a 
possible molecular ion with a 2 or 3 chlorine pattern. The spectrum
Extraction of radioactivity by water, NaHCO; or HC1 from the hexane 
extracts of the faeces from C 4C]DDMU- and fc1 ^ C]DDD~dosed"rats
i) Extraction
Compound
dosed
Radioactivity recovered (% of total 14 C in original hexane)
Water Extraction Bicarbonate Extraction HC1 Extraction
Water residual 0,5M-NaHCC^ residual 0.5M-HC1 residual 
hexane hexane hexane
[14C]DDMU 
[14 C]DDD
0.8
1.0
99.2
99.0
13.9
15.0
85.3
84.0
22.3
9.5
76.9
89.5
Extraction with water was followed by extraction with either NaHCOj or 
HC1. The recovery of radioactivity (14C in aqueous phase + 14 C in hexane) 
was 95-100% for all extractions.
ii) Amounts of individual components identified by 2-directional t.l.c. of
the fractions obtained by extraction of the hexane extracts of faeces
from C1ZtC]DK-lU-dosed an
t.l.c. Tentative 
reference identification
.imals
Radioactivity recovered (% of total 14C in 
original hexane extract) 
Bicarbonate Extraction HC1 Extraction
No.
I
(t.l.c. & g.l.c.) 0.5M~NaHC0j residual 
hexane
residual
hexane
1 unknown 0.3 9.3 11.9
2 DDOH 41.1 33.3
3 unknown 11.1 4.0 6.0
4 DBP 8.2 12.7
5 DDD 14.9 4.0
6 DDE + DDMU 2.4 7.8 9.0
Total 13.9 85.3 76.9
iii) Amounts of individual components identified by 2-directional t.l.c. of
the fractions obtained by extraction of the hexane extract of faeces
from C1'* C]DDD-dosed rats
t.l.c. Tentative Radioactivity recovered (% of total ,4C in
reference identification original hexane Bicarbonate Extraction
extract)
HC1 Extraction
No. (t.l.c. & g.l.c. ) residual residual
hexane hexane
1 unlcnown 18.4 11.3
2 DBP 26.1 25.0
3 unknown - 13.7
4 unknown 17.6 13-8
5 DDD 12.6 19.1
6 DDE 9.3 6.6
Total 84.0 89.5
however was poor and no other chlorinated ions could be distinguished®
There was also a compound with a retention time of 4.3rain on system (2) 
with m/e 278 (M ) (l%) as the possible molecular ion with 2 or 3 chlorine 
atoms, m/e 256 (M+-22)(8%) and m/e l48(M+-70) (100%) as the base peak®
Similar' problems also occurred with DBP. There was insufficient material 
present to examine t®l.c®2. .from C1 ^ C]DDE-dosed rat and there were no 
obvious chlorinated peaks for t.l.c.4. from [1 C]DDT-dosed rats, t.l»c.
3® from [1 ^ C]DDD-dosed quail and t.l.c.4® .from [1 * C]DBMU-dosed quail possibly 
because the background was high for these samples. However a mass spectrum 
corresponding to DBP was obtained for t.l.c.2* from C**C]DDD-dosed rat and 
for t.l.c.4. from [1 *C]DDMU~dosed rat.
A summary of the results obtained by g.l.c.-m.s. for those compounds 
classified as unknown is given in Table 20.
TABLE 20
Results of the mass spectral analysis of the previously ’unknown1 samples 
from the hexane extracts of rat and quail faeces
Animal Sample (cf Table 17) Mass Spectrometry results
Rat DDT t.l.c.l.a. Not done
Not done
Inconclusive 
Inconclusive 
Inconclusive 
Not done 
Not done 
Not done
.+ \ / .4*
Not done
6 (M*), m/e 235 (M*-CH20H), m/e 200 
20H-Cl)(cf DDOH)
DDMU t.l.c.l.b.ii. m/e 235? m/e 199? m/e 165, M probably not seen
DDMU t.l.c.I.e. m/e 248 (M ), m/e 235 (M -13), m/e 213 (MV-35)
Unknown
DDMU t.l.c.2. m/e 316 (M*), m/e 296 (M+-20), m/e 280 (M -36)
I Unknown
DDT t.l.c.l.b.i.
DDT t.l.c.l.b.ii. m/e
m/e
DDT t.l.c.2.
DDT t.l.c.3.
DDD t.l.c.l.
DDD t.l.c.3.
DDE t.l.c.l.a.
DDE t.l.c.l.b.
DDE t.l.c.3. m/e
(cf
m/e
DDMU t.l.c.l.a.
DDMU t.l.c.l.b.i. m/e
(M
Quail DDD t.I.e.l.a. 
DDD t.l.c.l.b.
.Not done 
Inconclusive
TABLE 20 (continued)
Animal Sample (cf Table 17) Mass Spectrometry results
Quail DDMU t.l.c.l.a. Inconclusive
(cont) DDMU t.l.c.l.b. Inconclusive *
DDMU t.l.c.3. m/e 282 (M ), m/e 247 (M -Cl), m/e 212 (M -2Cl)
(cf DDMU)
All samples had been treated with diazomethane except rat DDMU t.l.c.2. The 
ions shown in the table are the molecular ion and the principal chlorinated 
fragment ions of each compound.
The term inconclusive has been applied to samples where no chlorinated ions 
could be detected in the mass spectrum.
The sample t.l.c.l.b.ii. from the * C]DDT-dosed rat gave very similar results 
to the methyl ester of DDA after.t.l.c., g.l.c. and g.l.c.-m.s.
The sample t.l.c.3* from [1 ^ C]DDE-dosed rat gave a peak with a retention time 
of 7«6min at 220°C on system (l) for g.l.c.-m.s. (compared with 3«imin f°r 
the methyl ester of DDA). The mass spectrum obtained for this compound 
is shown in Figure 13 and in Table 21 it is compared with the mass spectra 
obtained for three methyl ethers of hyaroxylated DDE synthesised and described 
by Sundstrom(l977)« The compound investigated appears to closel}r resemble 
3H0-DDE except for the low relative abundance of the ion at m/e 276. A 
mass spectrum was also taken after 8.0min and this revealed a component with 
a different molecular ion which was likely to account for less than 10% of 
the radioactivity in the sample. This spectrum is outlined below showing 
the chlorinated ions and the percentage present relative to the base peak 
(m/e 360):-
m/e 360 (M*)(4Cl)(l00%), m/e 346 (M+-l4)(4C1)(106%), m/e 332 (M+-28)(4C1)(92%), 
m/e 296 (M+-64)(3Cl)(l8%), m/e 276 (M -84)(2C1)(24%), m/e 262 (M -98)(2C1)(97%), 
m/e 233 (M -127)(2C1)(66%), m/e 111 (M -249)(l Cl)(15%)
This sample was subsequently re-examined using system (3) for mass spectral 
analysis. The greater sensitivity of this'machine enabled the detection of 
two separate compounds with molecular ions of m/e 346. The mass spectrum
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The mass spectrum of the proposed methyl ether of a phenolic derivative of DP
The compound thought to be hydroxylated-DDE was isolated from the hexane . 
extract of DDE-dosed rats and methylated. The mass spectrum obtained using 
system (l) is shown here with the spectra obtained by Sundstrom (1977) T°r 
3 different synthetic methyl ethers of phenolic derivatives of DDE.
Methyl ether of compound m/e: 346 331 311 296 276 261 233
Mass spectrum showing the % of the base peak, m/e 34
Rat DDE t.l.c.3«
3-H0-DDE*
4-HO-DDE*
100 16 3 21 5 7
100 18 11 97 51
100 11 12 8 61 58
2-HO-DDE0 100 5 4 94 12 48
-1tl-dichloro-2-(4-chloro-3-hydroxyphenyl)-2-(4—chlorophenyl)-ethylene 
1,l-dichloro-2-(3-chloro-4-hydroxyphenyl)-2-(4—chlorophenyl}-ethylene 
° 1f l-dichloro-2-(4-chloro-2-hydroxyphenul)-2-(4-chlorophenyl)-ethylene
of the major component, with a retention time of 9*4min, was almost identical 
to that described previously although the relative abundances of the ions 
m/e 276 and m/e 233 were much greater in the second spectrum. The mass 
spectrum of the second compound, with a retention time of 7i3*nin generally 
resembled that of the first compound except that there were two weak, 
chlorinated ions at m/e 360 and m/e 333 and no ion at m/e 261. The quantity 
of this compound available was too low for an accurate assessment of the 
relative abundances of the ions to be made. The sample was also found to 
contain a very small quantity of DDE and two other compounds with 
molecular ions of m/e 360* The one containing most material had a retention 
time of 9*6min and the mass spectrum resembled that found using system(l) 
except that there were no ions at m/e 346, m/e 276, m/e 233 or m/e 111 
and chlorinated ions present at m/e 226 and m/e 199» The other had a 
retention time of 12.2min and differed from that described previously in 
not having an ion at m/e 296 and two, small, chlorinated ions present at
i w .
m/e 346 and m/e 214.
The results of t.l.c., g.l.c. and mass spectral analysis all indicate 
that sample t.l.c.l.b.i. from * C]DDMU-dosed rat contained DDOH.
The sample t.l.c.l.b.ii. from * CD DDMU-dosed rat gave a mass spectrum
which corresponded to that obtained from the methyl ester of DDA except that 
the molceular ion, m/e 294, was not detected. The t.l.c. and g.l.c. results 
for this compound indicate that it could be the methyl ester of DDA but a 
positive identification is not really possible without verification of the 
molecular ion.
The sample t.l.c.l.c. from [1 **C]DDMU-dosed rat, appeared to have m/e 248 as 
the molecular ion on mass spectral analysis. The following is a summary 
of the mass spectrum obtained showing only chlorinated ions or those which 
appeared important above ra/e 100, with the % present relative to the base 
peak (m/e 248).
m/e 248 (M+) (2Cl) (100%), m/e 235 (M+-13) (2Cl) (50% ), m/e 213 (M+-35)
(1 Cl) (21%), m/e 178 (M+-70) (21% ), ra/e 169 (M+-79) (19%), m/e 165 (M*-83) 
(24%), m/e 139 (M+-109) (l Cl) (33% ), m/e 109 (M+-139) (l Cl) (24%).
The mass spectrum is also shown in Figure 14 and the mass spectrum of DDNU 
is shown below for comparison as the molecular ion of DDNU is m/e 248.
There are several indications that the sample was not DDNU including the 
different retention times on g.l.c. (m.s. system (l) ), with DDNU appear­
ing after 1.8min and the sample after 6.4min at 210°C and the differences 
in the mass spectra. The most marked of which include an absence of 
m/e 233? the low m/e 213 and m/e 178 and the presence of m/e 109, m/e 139 
and m/e 235 in the sample.
The sample t.l.c.2. from C1 *C]DDMU-dosed rat was examined by g.l.c.-m.s. 
and no DDOH was found but a weak spectrum was obtained as follows with 
the % present relative to the base peak (m/e 235) given: m/e 316 (3%), 
m/e 296 (7%) both present but in very low amounts and the presence of chlorine 
not readily discernable, m/e 280 ( 2Cl) (36%), m/e 235 (2Cl) (100%), m/e 199.
(l Cl) (ll%) and m/e 165 (50%)* The background was high at masses below 
this. The retention time on g.l.c. was between the values obtained for 
DDD and DDA. The mass spectrum differed from that of DDD in the presence 
of an ion at m/e 280 and the absence of an ion at m/e 31 8 (the molecular 
ion) but DDA has a molecular ion of m/e 280, and a similar breakdown 
pattern to that seen. The identity of this compound is therefore 
uncertain.
The results of the g.l.c. and mass spectrometry indicate that the sample 
t.l.c.3* from [1 *C]DDMU-dosed quail is likely to be DDMU. However the 
R^ . values on t.l.c. in the various solvent systems are not consistent with 
this, but are lower than those obtained with the DDMU standard.
The radioactive compounds found to be present in the hexane extracts of skin 
from both rats and quail are shown in Table 22 and those in the hexane
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TABLE 22
The [14C] metabolites isolated from the hexane extract of the 
skins of [1 4 C] DDT-, [^CjPDP-, [14C]DDE-, [14 CjPDMU-dosed rats
and quail
fo o f the dose identified as: * ,, ,% of the dose
[14 C] dose Animal [1 4 C]DDT [14 C]DDD [14 C]DDE [1 4 C]DEMU not identified
DDT Rat 8.4
Quail 7.3*
0.8
0.3‘
0.9
4.0J
DDD Rat
Quail
0.6
2.0
0.3
1.2 0.1
DDE Rat
Quail
5.4s
18.?3
DDMU Rat . 
Quail
6.6'
2.5'
0.5
0.1
The values represent the average found for 3 animals.
5 Identified by g.l.c. and t.l.c.
I Identified by g.l.c.5 t.l.c. and mass spectrometry,
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extract of faeces are shown in Table 23. The results in the tables 
are expressed as that % of the dose identified as a particular 
compound. These values were calculated by assuming that the relative 
percentages of the radioac tivity present in the spots eluted after 
2-directional t.l.c. were the same as those in the hexane extracts 
before they were subjected to clean-up procedures.
The percentages of the doses present in the hexane extracts of the
faeces but not identified are shown in Table 24.
TABLE 24
C1 ** C]dose Animal % of the dose in the hexane extract of
known identity* Unknown identity
DDT rat 10.4 2.4
quail 12.5 0.0
DDD rat 6.4 5*9
quail 4.5 5.9
DDE rat 17*1 7.5
quail 20.5 0.0
DDMU rat 32.0 2,4
quail 4.1 0,3
* If a sample corresponded with one of the compounds listed in Table 23 
or gave a good mass spectrum enabling reasonable speculation as to its 
identity it was listed as one of the known identity.
There was also a very small percentage of the radioactivity present in 
the hexane extract of skins from *C]DDMU-dosed animals which was not 
identified because it did not correspond to any of the reference stan­
dards available when examined by g.l.c. and there was insufficient radio 
active material for further investigation.
VI Methanol extracts of faeces 
1. Recoveries of radioactivity after clean-up
The average recoveries of radioactivity from the silica/celite column 
and the Sephadex LH20 columns are given in Table 25.
TABLE 25
The average recoveries of radioactivity after column clean-up
% recovery of radioactivity:
[1 *C]dose Animal Silica/celite column* Sephadex LH20 column*
DDT rat 57*7 91.3
quail 74.6 , 95*3
DDD rat 76.7 99.8
quail 70.2 86.3
DDE rat 73.1 83.6
quail 92.4 95*9
DDMU rat 86.3 92.8
quail 81.8 87.2
Mean + S.D. 76.6 + 9.9 91.6 + 5.1
* Method described in section V.7* of Experimental.
2• Recoveries of radioactivity after acid hydrolysis
The recovery of radioactivity by extraction into ethyl acetate after
acid hydrolysis is shown in Table 26.
TABLE 26
The average recoveries of radioactivity in ethyl acetate after acid 
hydrolysis of methanol extracts of faeces
% recovery of radioactivity:
[1 * C] compound dosed ^---------c--------Rat Quail
DDT 80.6 76.2
DDD 136.6 107.2
DDE 61.7 89.0
DDMU 98.9 93.4
The high recovery of radioactivity for the extracts from [1 * C]DDD-dosed 
rats and the low recovery for V ** c]DDE-dosed rats may indicate that the 
estimations of radioactivity in the methanol extracts prior to hydrolysis 
were inaccurate, possibly because of interference from co-extracted
-non-radioactive material. Alternatively a low recovery may indicate that 
the radioactivity was of a more polar nature and less was soluble in 
ethyl acetate.
3. Extraction of radioactivity into aqueous solutions
The percentage of the radioactivity in each methanol extract of faeces which
could be extracted into sodium hydrogen carbonate solution and sodium 
hydroxide solution is shown in Table 27® The hydrolysed material was ,
extracted with sodium hydrogen carbonate only in order to limit the
number of fractions requiring further analysis. The extraction results 
are shown in Table 28.
The radioactivity recovered is expressed as the percentage of the total 
1<>C in the methanol extract assuming 100% recoveries. This was necessary
because of the variation in actual recoveries and the values were
i '
generally sufficiently high to assume negligible loss. The low
recovery, after hydrolysis, for the [1 ^ C]DDE-dosed rats was not taken
into account.
4. Examination of the methanol extracts by t.l.c.
The t.l.c. results obtained for the various fractions of the methanol extract
are shown in Tables 29 and 30® The unhydrolysed samples generally contained 
much contaminating, non-radioactive material and the resolution on t.l.c. 
was poor. The cleanest samples were those which had been acid hydrolysed 
and on extraction with bicarbonate solution had remained in the ethyl acetate 
The t.l.c. of these samples enabled reasonable separation of the radio­
active components.
5o Identification of the radioactive compounds present in the methanol
extracts of faeces from [1i,C]DPT-, [^clDDD-, [1f>C]DDE-, and C14 C]PDHU-
dosed rats and quail
The radioactive samples examined will be described by the t.l.c. reference
numbers assigned to them in Table 30® ^he samples were all derived from
I TABLE 27
■Extraction of radioactivity from unhydrolysed methanol extracts of faeces
from animals dosed with P 4CjDDT, P 4C]PDD, [ 4C]PPE and P 4C]PPMU
i) Extraction
Animal Compound 
dosed
Radioactivity recovered(% of total 1^C in original 
methanol extract)
Bicarbonate extraction Hyd.roxide extraction
residual 0.5M-Na0H residual
ethyl ethyl
acetate acetate
Rat P 4 C]DDT 85.1 14.9 4.4 10.5
P  4 C]PPP 62.6 37.4 9.3 28.1
P 4C]PPE 92.9 7.1 4.8 2.3
P 4c]ppmu 73.2 26.8 13-2 13.6
Quail p 4C]PPT 76.8 23.2 6.1 17.1
P 4c]ppp 76.8 23.2 6.0 17.2
P 4 C]DDE 94.8 5.2 2.5 2.7
P 4c]ppmu 86.5 13.5 6.3 7.2
Extraction with bicarbonate was followed by extraction with hydroxide.
The figures used above are based on a theoretical recovery of 100%.
ii) Recoveries of radioactivity per animal 0 4C in aqueous phase and 14C in
ethyl acetate)
Total radioactivity recovered(% of 14 C in original methanol
extract)
Animal/Compound 1 2 2 Mean + i3.D.
Rat P 4C]PPT 117.2 106.3 112.5 112.0 + 4.5
P 4C]PPP 101.1 99.9 100.9 100.6 +■ 0.6
P 4C]PP£ 100.1 89.1 119.2 102.8 + 12.4
P 4c]pdmu 117.6 98.7 117.4 111.2 + 8.9
QuailP 4 C]PPT 111.0 130.3 117.3 119.5 + 8.0
P 4c]ppp 103.8 99.3 98.2 100.4 + 2.4
[14c]ppe 88.5 84.6 92.0 88.4 + 3 ® 0
[14C]PBMU 103.3 78.2 96*4 92.6 + 10.6
iii) Recovery of radioactivity from aqueous solution
Animal Compound Radioactivity recovered(% of total 14 C in original
/s H methanol extract)
Bicarbonate extraction Hydroxide extraction
aqueous ethyl acetate aqueous ethyl acetate
Rat P 4C]PPT 17.4 67.7 0 4.4
P 4C]PPP 14.4 48.2 5.5 3.8
P 4c]ppe 26.9 66.0 4.3 0.5
P 4c]pdmu 7.7 65.0 0.6 12.6
Quail P 4C]PPT 3*3 73.5 0.1 6.0
P 4 C]DDD 12.0 64.8 2.4 3.6
P 4c]dde 28.8 66.0 0.9 1.6
P 4c]ppmu 25.0 61.5 1.4 4.9
Extraction of radioactivity from hydrolysed methanol extracts of faeces 
from animals dosed with C]PDT, [14c]DDD, [1*C]DDEand [1/>C]PDMU
i) Extraction 
Animal Compound
dosed
Radioactivity recovered(% of total in orginal
methanol extract:-)
Bicarbonate extraction
0.5M-NaHC0* residual ethyl acetate
Rat C1 * c]ddt 36.0 64.0
[1 k c]ddd .... 21.9 78.1
[1i*C]DDE 37*7 62.3
Cu c]d m j 22.5 77.5
Quail [1i,c]ddt 21.8 78.2
[12tC]DDD 13.8 86.2
[14 c]d d e 22.6 77.4
[14c]ppmu 6.1 93*9
Negligible extraction into •water found for all hydrolysed methanol extracts.
The figures used above are based on a theoretical recovery of 100%.
ii) Recoveries of radioactivity per animal (1 *C in aqueous phase + 1 *C in
ethyl acetate)
Total radioactivity re covered (% of C in original methanol,
Animal/Compound 1 2 2 Mean + S.D^“-- -
Rat [1/*c]ddt 123*9 113*6 90.4 109*3 + 14.0
[14C]DDD 88*5 139.4 117.5 115*1 + 20.8
[14C]DDE 88.1 74.0 83.1 81*7 + 5*8
[u c]dieu 76*6 79.0 59.9 71.8 + 8.5
Quail [T^CIdDT 89.0 88*9 80.3 86.1 ■ + 4.1
[1itC]DDD 109*1 106.1 122.6 V 112*9 + 7.1
[1 ^ C]DDE 77.8 91.5 101.4 90.2 + 9-7
[1ltC]DDMU 100*9 83.2 96*5 93.5 + 7.5
iii) Recovery of radioactivity from aqueous solution
Animal Compound Radioactivity recovered (% of total 1i*C in original
methanol extract)UU ocU
Bicarbonate extraction
aqueous ethyl acetate
Rat C ^ cIddt 16*4 19*6
[12i c]ddd 2.2 19.7
[1/fC]DDE 13.2 24.5
[11*c]ddmu 5*7 16.2
Quail [11,c]ddt 12.2 9*6
[1ifC]DDD 4*5 9.3
[1i,c]dde 0.3 22.3
C11 c ] DDMU 0.5 5.6
TABLE 29
faeces from [^  ^ Cj DDT-, tU clDDD- , C ^ cDdde-and C1'* C]DDMU-dosed rat
and quail
a) Residual ethyl acetate (B.I..a, from Figure 76.)
Animal dose t.l.c. reference R^ value* Radioactivity recovered
No, (% of total C in original 
methanol extract)
Rat DDT 1 0.0 1.1
2 0.5 9.4
/ DDD 1 0.0 22.4
2 0.6 5.7
DDE 1 0.3 1.8
2 0.7 0.5
-DDMU 1 0.75 13.6
Quail DDT 1 0.0 4.3
2 0.5 12.8
DDD 1 0.1 5.7
2 0.6 9.5
DDE 1 0.0 1.3
2 0.8 1.4
DDMU 1 0.0 4.4
2 0.5 2.8
b) Extracted by sodium hydroxide solution (B.l.b. from figure 763.
Rat DDT 1 o.o 1.8
2 0.6 2.4
DDD 1 0.0 3.4
2 0.5 0.4
DDE
DDMU
not done 
1 0.5 12.6
Quail DDT 1 0.7 6.0
DDD not done ;. •
DDE
DDMU
not done 
1 0.0 2.2
2 0.3 2.7
c) Extracted by sodium hydrogen carbonate solution (B.2. from Figure 7b.)
Rat DDT 1 0.0 14.7
2 . 0.3 45.2
3 0.5 7.8
DDD 1 0.2 15.0
2 0.5 27.7
3 0.7 5.5
DDE 1 0.1 18.7
2 0.3 3.7
3 0.6 43.6
DDMU 1 0.2 6.6
2 0.5 52.5
3 0.7 3.3
4 0.8 3.1
TABLE 29 (continued)
Animal [1 *C] dose t.l.c. reference R , value* Hadloacx1 vity_________
No. (% of total C in original
methanol extract)
c) cont inued
Quail DDT 1 0.2 27.8
2 0.5 16.2
3 0.7 22.9
4 0.9 6.5
DDD 1 o.o 20.8
2 0.3 14.7
3 0.6 17.6
4 0.9 11.7
DDE l 0.2 36.3
2 0.7 29.7
DDMU 1 0.1 42.1
2 0.3 6.9
3 0.5 6.3
4 0.8 6.2
* t.l.c. solvent was methanol/chloroform/hexane (1:2:3 v/v)
Summary of t.l.c, results for the hydrolysed methanol extracts of
faeces from [1f>C]DDT-, P*C]PDD-, [1'*c]DDE- and P * C]DDMU-dosed
rat and quail
a) Ethyl acetate extract (A.I. from Figure 7&)
Animal
Rat
[1 k C] dose t.l«c. reference R. value
N o jj. .
m/c/h*
Quail
Radioactivity recovered
(% of total C in original 
methanol extract)
Rat-
DDT 1 0.5 32.8
2 0.7 67.2
DDD 1 0.1 5.1
2 0.3 67.2
3 0.7 27.7
DDE 1 0.1 43.3
2 0.6 53.5
3 0.8 3.2
DDMU 1 0.2 29.3
2 0.5 57.0
3 0.9 13-7
DDT 1 0.1 2.1
2 0.7 97.9
DDD 1 0.1 17.2
2 0.3 69.4
3 0.8 13*4
DDE 1 0.3 29.1
2 0.7 66.5
3 0.8 4.4
DDMU 1 0;0' 16.1
2 0.4 25.7
3 0.8 58.2
. acetate extract (A.I.) after treatment with
(h/a)**
DDT l.me. 0.0 32.8
2ame«i. 0 .0 1.9
2.rae.ii. 0.2 65.3
DDD l.me. 0.0 5.1
2.me.i. 0.0 2.6
2.mecii. 0.5 64.6
3 .me. 0.7 27.7
DDE l.me. 0*0 43.3
2.me.i. 0.0 33.9
2.me.ii. 0.5 19.5
3.me. not done
DDMU l.me. 0.0 29.3
2.me.i. 0.0 35.9
2.me.ii. 9.2 21.1
3*me. not done
TAELE 30 (continued)
Radioactivity recovered
No, JL (% of total C in original
methanoi extract)
Quail DDT l.me.i. 0.0 1.6
1•me.x x. 0.3 0.5
2.me.i. 0.3 79.3
2.me.ii. 0.5 10.9
2,me.iii. 0.7 7.7
DDD l.me. not done
2.me. 0.6 69.3
3-me. 0.8 13.4
DDE l.me. not done
2.me.i. 0.4 33.2
2.me.ii. 0.7 33-3
3-me. not done
DDMU l.me.i. 0.0 14.7
l.me.ii. 0.2 1.4
2.me.i. 0.3 21.0
2.me.ii. 0.5 4.7
3*me.i. 0.8 57-3
3*me.ii. 0.9 0.9
* m/c/h : methanol/chloroform/hexane (1:2:3 v/v)
** h/a : hexane/acetone (9:1 v/v) Rf value for methyl ester of DDA was 0.4,
b) Residual ethyl acetate after bicarbonate extraction (A.2.a. from
figure 7a)
Animal P * c] dose t.l.c. reference R„ value Radioactivity recovered
No. . •X (% of total 1^ C in original
(m/c/h)* (c)** methanol extract)
Rat DDT 1 0.1 0.1 6.5 12.0
2 0.4 0.4 28.5 23.6
3 0.6 0.6 11.8 17.0
4 0.8 0.7 17-2 11.4
DDD 1 0.0 0.0 5-6 0.5
2 0.2 . 0.2 1.6 27-0
3 0.9 0.3 70.9 2.7
4 - 0.6 45.0
5 - 0.7 2.8
DDE 1 0.1 OiO 4.2 17.9
2 0.3 0.2 23.5 22.2
3 0.7 0.4 34.6 21.6
4 - 0.6 3-3
5 i - 0.8 0.1
DDMU 1 ! 0.2 0.0 51-7 25.5
2 j 0.6 0..3 6.8 32.3
3 0.8 0.5 19-0 12,2
4 - 0.7 7-4
TAELE 30 (continued)
c] dose t.l.c. reference R^ value Radioactivity recovered
No.
. , . , , t r , £
(% of total C in original
(m/c/h) * (c)** methanol extract J
DDT 1 0.1 0.1 8.8 8.8
2 0.3 0.2 62.3 4.8
3 0.8 0.4 7.1 32.0
4 • - 0.7 - 32.6
DDD 1 0.1 0.1 16.2 17.1
2 0.3 0.2 48.3 13.3
3 0.6 0.4 21.7 4.7
4 - 0.5 - 49.8
5 0.7 - 12.9
DDE 1 ao 0.1 15.1 13.9
2 0.5 0.2 38.7 12.8
3 0.8 0.4 23.6 50.8
DDMU 1 0.1 0.1 8.5 6.1
2 0.3 0.2 8.2 6.8
3 0.4 0.3 19.6 29.7
4 0.6 0.6 12.5 50.7
5 0.8 0.7 45.2 65.7
6 - 0.8 - 0.1
Residual ethyl acetate (A.2.a.) after treatment with diazomethane
Animal [1 * C] dose t.l.c. reference R- value Radioactivity recovered
"’*■ T IfNo. (% of total C in original) 
(h/a)*** methanol extract)
Rat DDT
DDD
DDE
DDMU
l.me.i. 0.0 9.9
l.me.ii. 0.4 2.1
2.me.i. 0.0 10.1
2.me.ii. 0.3 13.5
3.me.i. 0.1 3.1
3*nie. ii. 0.3 10.2
3.me.iii. 0.5 3.7
4.me. 0.5 11.4
l.me. 0.0 0.5
2.me»i. ao 3.7
2.me.ii. 0.3 23.4
3.me.i. 0.1 2.0
3*me.ii. . o.4 0.8
.4.me. 0.3 45.0
5»me. 0.3 2.8
l.me.i. ao 15.5
l.me.ii. o.4 2.5
2.me.i. ao 5.2
2.me.ii. 0.3 17.0
3.me.i ao 11.2
3«me.ii. 0.3 7.5
4. me. 0.4 3.3
5-me. not done
l.me.i. 0.0 15.7
l.me.ii. 0.4 9.8
2.me.i. 0.0 13.8
2.me.ii. 0.3 18.5
3. me. 0.3 12.2
4.me.i. 0.4 2.5
TAELE 30 (continued)
Animal [11*C] dose t.l.c. reference R^ , value' 1 ' "“’i" ..No. $(% of total C in original
(h/a)* * * methanol extract)
Rat (cont) ’
Quail DDT
DDD
DDE
DDMU
4.me.ii. 0.6 3.4
4.me.iii. 0.7/ 1.6
l.me.i. 0.0 4.6
l.me.ii. 0.4 4.1
2.me.i. 0.0 2.6
2.me.ii. 0.3 2.3
3*me.i. 0.1 23.5
3.me.ii. 0.4 8.5
4.me.i. 0.4 32.6
1.me•1. 0.0 9.2
l.me.ii. 0.4 7.8
2.rae.i. 0.0 6.7
2.me.ii. 0.3 6.6
3.me.i._ 0.1 ':2.8
3.me.ii. 0.5 1.9
4.me.i. 0.1 42.5
4.me.ii. 0.5 7.3
5.me.i. 0.7 0.6
5.me.ii. 0.9 0.7
l.me.i. 0.0 8.4
l.me.ii. 0.5 5.4
2.me.i. 0.1 7.5
2.me.ii. 0.4 6.0
3*me.i. 0.1 23.5
3*me.ii. 0.4 16.2
3.me.iii. 0.7 11.1
l.me.i. 0.0 5.3
l.me.ii. 0.4 0.8
2.me. 0.1 6.8
3*me.i. 0.1 26.5
3«me.ii. 0.4 3.2
4.me.i. 0.4 40.8
4.me.ii. 0.6 10.0
5.me. 0.7 0.7
♦
* *
♦ * *
m/c/h
c
h/a
methanol/chloroform/hexane (X:2:3 v/v)
chloroform. These t.l.c. reference numbers were used for 
methylated samples.
hexane/acetone (9:1 v/vX R- value for methyl ester of 
DDA was 0.4.
TABLE 30 (continued)
Animal [1 ^ C] dose t«loC* reference R c value Radioactivity reco^
(% of total 1^ C in
f iO> (h/e)* (c)* methanol extract)
Rat DDT 1 0.2 0.0 16.2. 2.1
2 0.5 0.1 3.4 14.4
3 - 0.4 - 3-1
DDD 1 0.2 0.1 19.7 19.7
DDE 1 0.1 0.0 24.3 15.4
2 - 0.5 - 9.1
DDMU 1 0.1 0.0 14.3 8.1
2 0.6 0.7 0.9 8.1
3 0.9 - 0.8
Quail DDT 1 0.2 0.2 7.1 • 7-0
2 0.5 0.7 2.3 2.6
DDD 1 0.1 0.0 8.0 0.1
2 0.7 0.4 1.3 6.0
3 - 0.5 - 0.7
4 - 0.6 - 0.7
5 - 0.8 - 0.7
6 - 0.9 - 1.3
DDE 1 0.1 0.0 20.5 2.8
2 0.6 0.3 1.8 8.4
3 - 0.3 2.8
4 - 0.7 - 5.6
5 - 0.8 2.8
DDMU 1 0.1 0.0 5.3 3.2
2 0.8 0.6 0.3 1.6
3 - 0.7 - 0.9
Bicarbonate extract (A.2.b) after treatment with diasomethane
(h/a)***
Rat DDT l.me. 0.2 2.1
2.me. 0.4 14.4
3*tne.i. 0.1 0.9
3*rae.ii 0.4 2.2
DDD l.me.i. 0.0 16.6
l.me.ii 0.3 3.1
DDE l.me. 0.0 15.4
2.me. 0.5 9.1
DDMU l.me. 0.0 8.1
2.me. 0.3 8.1
Quail DDT l.me. 0.3 7.0
2. me. not done
DDD l.me. not done
2.me. 0.4 6.0
3*me. 0.6 0.7
4. me. 0.7 0.7
TABLE 30 (continued)
Animal [1 * C] dose t.l.c. reference
Quail (cont)
No.
Rj value
(h/a)
Radioactivity recovered 
T %  of total C in original 
methanol extract)
DDD
DDE
DDMU
5 .me. 
6.me. 
l.me.
2 .me.
3 .me. 
4.me. 
5 .me.
1.me.
2.me. 
3*me.
not done 
not done 
not done 
0.3 
0.6 
0.7
not done 
not done 
0.3
not done
8.4
2.8
5.6
1.6
* h/e : hexane/ethanol (9=1 v/v)
** c : chloroform. These t.l.c. reference numbers were used for methylated
samples.
*** Y\/a. : hexane/acetone (9**1 v/v). R values for methyl ester of DDA was 0.4.
the methanol extract after acid hydrolysis and bicarbonate extraction.
The code A.2. indicates this and is followed by a. (A.2.a.) if the radio­
activity in a sample originated from material which remained in the 
ethyl acetate layer after bicarbonate extraction or b. (A.2.b.) if the 
radioactivity in a sample originated from material which was extracted 
into bicarbonate.
Those samples which appeared to be fairly clean were examined by mass 
spectrometry, others vrere tentatively identified by the R^ values 
found by t.l.c. and the retention times by g.l.c. Those samples 
examined by m.s. had been treated with diazomethane, but this may not 
have resulted in the methylat ion of all components. An increased R^ . 
value after treatment was used as an indication of methylation. The 
m/e values of the principal fragment ions in the mass spectra obtained
. I .
for several reference standards are shown in Appendix 4. The mass spectra 
of the samples were compared with those of the standards.
A summary of the metabolites found in the methanol extract of t^CjDDT-, 
[1^C]DDD-, [1ltC]DDE-, and  ^CjDDMU-dosed rats and quail is shown in 
Table 31• The results given are those for the methylated samples. The 
percentage of the dose that they represent has been estimated assuming 
that the compound/s identified in a sample accounted for all of the 
radioactivity present. In most instances it was reasonably certain that 
over 90% of the radioactivity had been accounted for.
The results are given below in more detail.
a) [1 *C]DDT-dosed animals
The major metabolite which appeared to be present in the methylated 
samples from the hydrolysed methanol extracts from [1 * C] DDT-do sed rat 
and quail was the methyl ester of DDA. The results obtained by g.l.c. 
and t.l.c. and g.l.c.-m.s. all indicated that the A.2.a. samples rat
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t.l.c.2.me.ii. and t.l.c.3®me.ii. and quail t.l.c* l.me.ii., t.l.c«2„me«ii. 
and t.l.c.3.me.ii. and the A.2.b. samples rat t.l.c*2.me. and 3*me.ii. and 
quail t.l.c.l.me. contained the methyl ester of DDA. The sample A*2.a. 
rat t.l.c.l.me.ii. also appeared to contain this compound from the 
results obtained by t.l.c. and g.l.c.
The sample A.2.a. quail t.l.c. 3®me.ii. also contained a relatively 
larger amount of another compound when examined by g.l.c.-m.s. which 
was also detected in the sample A.2.a. quail t.l.c.4.me.i. The retention time 
on g.l.c. was longer than for the methyl ester of DDA (5»2rain compared 
with 4.6min on the g.l.c.-m.s. system (l) at 210°C)« The mass spec­
tra for t.l.c«3®me.ii. and t.I.e.4.mg.i, were as follows with the % present 
relative to the base peak (m/e 235)
m/e 308 (M+) (2C1) (18%, 3%), m/e 294 (M*-l4) (2Cl) (0, 1%), m/e 272 (M+-
36) (2C1) (19% 3%), m/e 235 (M+- 73) (2Cl) (100%, 100%), m/e 23I (M* -77)
(1 or 2C1) (13% , 0), m/e 199 (M+-109) (l Cl) (15%, 6%), m/e 165 (M+ - 143) 
(OCl) (27% 20%), m/e 149 (M+-159) (OCl) (l4%, 9%), m/e 109 (M+-199) (l Cl) 
(92%,29%).
This mass spectrum is shown in Figure 15®
These samples were also examined by g.l.c-m.s. before methylation when 
2 peaks were seen on the g.l.c. (using g.l.c.-m.s. system (l) at 210°C).
The mass spectrum above 200 mass units of the peak appearing after 4*7min 
is shown below with m/e 316 as the base peak:-
m/e 316 (M*) (4Cl) <100%, 100%), m/e 28l (M*-35) (3Cl) (ll%, 21%), m/e.
255 (M+- 61) (3C1) (36%, 15%), m/e 246 (M*-70) (2Cl) (66%, 103%), m/e
235 (M*- 81) (2C1) (30%, 21%), m/e 210 (M*-76) (l Cl) (5%, 0).
This spectrum agrees fairly well with that obtained for DDE except for 
the presence of m/e 255 and m/e 235® The retention time on g.l.c was 
also consistent with the compound being DDE. The mass spectrum of the
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-second peak, appearing after 5^min was weak but did contain ions at 
m/e 308, m/e .255 and m/e 235* However the relative abundance of the 
ions at m/e 308 and m/e 310 did not fit the 2 chlorine pattern very 
well for either sample,
b) [1 * C]DDD-dosed animals
The major metabolite found in the methylated samples from the hydrolysed 
methanol extracts from V  ** C^DDD-dosed rat and quail appeared to be the 
methyl ester of DDA. The results of t.l.c., g.l.c. and g.l.c.-m.s. 
analysis indicated that the A.2.a. samples rat t.l.c. 2«rae*ii. and 4*me 
and quail t.l.c.l.me.ii., t.l.c.2.me.ii. and t.l.c. 4.me.ii. and the 
A.2.b. samples rat t.l.c. l.me.ii. and quail t.l.c.2.me. contained 
the methyl ester of DDA. There was also g.l.c. and t.l.c. evidence 
that the A.2.a. samples rat t.l.c.3.me.ii. and 5«nie. and quail t.l.c.
3.me.ii. contained this compound.
The sample A.2.a. rat t.l.c. 4.me. also appeared to contain a second 
component, in approximately equal amounts which corresponded almost 
exactly with that found in sample A.2.a.t.l.c.3*me.ii. from C^CjDDT- 
dosed quail apart from an absence of an ion at m/e 272 and the presence
of an ion at m/e 265 at 5% o f the base peak, m/e 235* The mass spectrum
is shown in Figure 15» This sample gave identical results when examined
prior to treatment with diazomethane.
The samples A.2.a. quail t.l.c.4.me.i. and 5*me.ii. were examined by 
both g.l.c.-m.s. and direct insertion m.s. The only chlorinated ion 
which could be detected was at m/e 199 when t.l.c.4.me.i» was examined 
by direct insertion. There was also an ion at m/e 165 for this sample 
but the identity of the compound is uncertain.
Sample A.2.b. quail t.l.c. 3*me. was found to give a weak spectrum on 
g.l.c.-m.s. with only 2 chlorinated ions appearing,both with the 4 chlorine
pattern at m/e 396 and m/e 368. The sample A.2.b. t.l.c. quail 4.me. 
was also examined but no chlorinated peaks were detected.
c) [1 ^ C]DDE-dosed animals
The major metabolite found in the methylated samples from the 
hydrolysed methanol extract of DDE-dosed rats and quail was again
the methyl ester of DDA. This was detected by t.l.c., g.l.c. and g.l.c.- 
m.s. in the following samples:- A.2.a. rat t.l.c. 2.me«ii and t«l.c.3« 
me.ii. and quail t.l.c.2.me.ii. There was also g.l.c. and t.l.c. evidence 
for the presence of the methyl ester of DDA in the sample A«2.a. rat t*!*c.
4.me.i.
The sample A.2.a. quail t.l.c.3*me.iii. was examined by g.l.c.-m.s. and 
a peak with the same retention time as DDE was found which had a weak 
mass spectrum closely resembling DDE. The sample was not very clean but
I .
the DDE, if present, was unlikely to represent more than 10% of the 
radioactivity in the sample. There was also some indication of ions with 
2 chlorine atoms at m/e 263 and m/e 220 after a slightly longer retention 
time on g.l.c.
The sample A.2.b. quail t.l.c.3®me. was examined by g.l.c.-m.s. and the 
only chlorinated ions found were at m/e 396 and m/e 368 with possibly 4 
chlorine atoms present.
d) V   ^C]DDMU-dosed animals
The only metabolite which could be detected in the methylated samples 
from the hydrolysed methanol extracts from [1 ** C]DDMU-dosed rat was the 
methyl ester of DDA. The results obtained from g.l.c., t.l.c. and 
g.l.c.-m.s. indicated that the sample A.2.a. rat t.l.c.l.me.ii. contained 
this compound and the results obtained from g.l.c. and t.l.c. indicated 
that it was likely to be present in the A.2.a. samples rat t.l.c.2.me.ii., 
t.i.c.3«me. and in the A.2.b. sample t.l.c.2.me.
The samples A,2.a. rat t.l.c.3.me. and t.l.c.4.me.ii. were examined by
g.l.c.-m.s. with no positive results and the sample A.2.a. t.l.c.4.me«iii. 
was found to contain traces of DDE and DDMU by g.l.c-m.s.
Although the methyl ester of DDA was detected in the sample A.2.a. 
quail t.I.e.l.me.i. by t.l.c., g.l.c. and g.l.c.-m.s. it was a compara­
tively minor metabolite. DDOH was detected by g.l.c.-m.s. in the sample 
A.2.a. quail t.l.c.2«me.ii. and the sample quail t.l.c.2.me.iii« gave a 
weak mass spectrum against a high background with m/e 251 being the only 
ion to show a chlorinated pattern.
The mass spectrum of the sample A.2.a. quail t.I.e.4.me.i. was almost 
identical to that obtahed for the sample t.l.c.I.e. from the hexane 
extract of [1 *C]DDMU-dosed rat, and the g.l.c. retention times were also 
the same. The molecular ion appeared to be m/e 248, and the only differences 
between the spectra were the presence of a small amount of an ion at m/e 200 
and an increase in the amount of ion present at m/e 111. This sample 
also appeared to contain a small quantity of the methyl ester of DDA.
The samples A.2.a. quail t.l.c.3«me.ii. and 4.me.ii. both appeared to 
contain 2 components on g.l.c.-m.s. The first, which was small, had the 
same retention time (3®8min at 210°C on g.l.c.-m.s. system (l) ) and a 
very similar mass spectrum to DDMU. The second compound, appearing 
after 9*5 min had the following mass spectrum with relative abundance as 
% of the base peak (ra/e 312).-
m/e 312 (M+) (3Cl) (100%), m/e 298 (M+-l4) (3CI) (8%), m/e 277 (M*-35)
(2C1) (9%), m/e 262 (M*-50) (2Cl) (7%), m/e 242 (M+-70) (l Cl) (54%), 
m/e 228 (M+-84) (l Cl) (16%), m/e 199 (M+-113) (l Cl) 24%), m/e 109 
(M+-203) (1 Cl?) (21%).
This mass spectrum is shown in Figure 16.
The sample A.2.a. quail t.l.c.4.me.ii. contained considerably more radio­
activity than t.l.c.3®me.ii. and was further analysed using system (3) for 
mass spectrometry. A total of 6 components were detected; DDMU, 2 compounds
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with molecular ions of m/e 312, 2 compounds with molecular ions at m/e 326, 
and one where ions were present at both m/e 312 and m/e 326/ Table 32 
summarises the major ions found at above m/e 150 for the 5 unknown 
components of this sample. From consideration of retention times, component 
4 is likely to be the same as the compound seen on the previous mass spectral 
analysis, and comparison of the major ions shows few differences apart 
from the lack of ions at m/e 298 and m/e 228 and the presence of ions at 
m/e 233 and m/e 235• It appeared that component 2 represented the major 
part of the chlorinated material present in the sample.
The sample A.2.a. quail t.l.c.5*me. was examined by g.l.c.-m.s. and by direct 
insertion m.s.. The former gave no chlorinated ions, but the latter gave a 
spectrum as follows with relative abundance as % of the base peak (m/e 432):- 
m/e 432 (M+) (2Cl) (100%), m/e 394 (M*-38) (2Cl) (79%), m/e 291 (M*-l4l)
(2C1) (43%), m/e 249 (M+-l83) (2Cl) (55%), rn/e 211 (M+-22l) (l or 2Cl) (31%). 
In the m/e range below 200 the background was high and masked the spectrum.
VII Examination of urine from the [1 ^ C] DDT-do sed rat
The extraction of the urine with hexane/acetic acid recovered 18.7% of the 
radioactivity. G.l.c. analysis indicated that the extract contained DDT 
(1*5%), ODD (1.9%), DDE (0.4%), DDMU (38.5%), and after methylation, the 
methyl ester of DDA (57*6%).
A further 1.6% of the radioactivity was recovered by treatment of the 
urine with sodium hydroxide solution and a further 2.7% of the radio­
activity was recovered by treatment with hydrochloric acid. The g.l.c. 
results for these samples were inconclusive because of interference from 
negative peaks.
/C H A P T E R  IV
P I  S C U S S I O N
I Excretion
The results of the present study permit, for the first time, the strict 
comparison of the rates of excretion of DDT, DDD, DDE and DDMU administered 
intraperitoneally to rats and Japanese quail. From Table 6 it can be seen 
that the rat excreted the radioactivity administered as [1I*C]DDT, [1ltC]DDD, 
and [1ifC]DDE substantially faster than the Japanese quail. This agrees 
with the results of other workers (Ahmed and Walker, 1979; Bailey et al«,
1969a,b; Bishara et al., 1972; Gingell and Wallcave, 1974; Seiber, 1976;
Sidra and Walker, 1980) which indicated that rats and other mammals tested 
were able to excrete DDT, administered orally or by injection, faster 
than Japanese quail, pigeon, chicken and other birds examined (see Table 2). 
However the rat and Japanese quail both excreted the radioactivity 
administered as [1\c]DDMU relatively rapidly and at a similar rate.
Although two of the DDMU-dosed rats lost weight over the collection 
period which may have increased the rate of excretion, there was a con­
siderable amount of radioactivity voided by all three rats in the first
few days when the effects of weight loss would be minimal, and so this is
unlikely to have greatly influenced excretion rate.
The rate at which an animal can excrete a dose of [1i,C]DBT which is highly 
lipophilic is more likely to be influenced by its ability to metabolise the 
compound and to pass the metabolites into the excreta than the time taken 
to void the excreta. Generally the metabolism of a foreign compound results 
in the formation of more polar compounds which are more readily excreted 
than the starting compound. The rate of production of water soluble 
metabolites and the proportion of the dose metabolised in this way are 
important determinants of excretion rate.
The results obtained indicate that the apparent differences in the rates 
of excretion of DDT by birds and mammals probably arise from differences 
in their ability to metabolise DDT to DDD and DDE or to produce DDMU from
these'compounds. The Japanese quail differs from the rat in excreting 
substantial amounts of unchanged DDT, DDD and DDE which can readily be 
seen in Table 33 where the quantities are amended according to 
excretion rate. This species difference may reflect the quail having a lower 
metabolic capability for these compounds or a greater ability to excrete 
non-polar compounds. The low levels of DDMU excreted unchanged by the 
quail and the high tissue residues of unchanged parent compound found 
when DDT, DDD or DDE were administered to quail indicate that there may 
be a metabolic difference between rat and quail.
TABLE 33
The percentage of the dose recovered unchanged from the faeces during 
the time taken to excrete 50% of the administered radioactivity
 ^c ]compound % excreted unchanged by!-
administered Rat Quail
DDT 0.4 11.8
DDD 1.0 2.5
DDE 5.2 34.8
DDMU 3.8 0.9
The slow rate of excretion of DDT seen in the Japanese quail may be 
partly explained by its conversion to DDE which is excreted extremely 
slowly by these birds. Although the amounts of DDE excreted by the 
DDT-dosed rats and quail were very similar, the quail had much higher 
levels of DDE in the skin which may be indicative of a greater conversion 
of DDT to DDE by these birds. The poor ability of this species to 
metabolise DDE is also likely to contribute to the high tissue residues 
of DDE. The DDT-dosed rat excretes more DDD than the quail which suggests 
that the rat may convert more DDT to DDD and less to DDE than the quail.
The mechanism by which lipophilic compounds are excreted unchanged by the 
rat and Japanese quail has not been established. Jensen et al.(l957) 
identified free DDE and DDT in the bile of rats dosed intravenously with 
DDT and therefore biliary excretion could explain the presence of these 
compounds in the faeces. An alternative suggestion is that highly 
lipophilic compounds can be transported in the lymph and by diffusion 
from the lymph into the gut may appear in the faeces. This has been 
found to occur in monkeys with hexachlorobenzene (Muller et al.,1978) 
and DDT, DDD and DDE have been detected in the lymph of rats after the 
intraduodenal administration of DDT (Seiber,1976)• It is not known 
whether a similar mechanism operates in birds.
The Japanese quail appears to excrete less DDA than the rat for all 
compounds dosed with the possible exception of DDD (see Table 33) But 
including the rapidly excreted DDMU, and so it appears that DDA 
production is not necessarily a prerequisite for rapid excretion. The 
quail appeared to excrete a higher proportion of polar compounds, as 
judged by methanol extraction, when dosed with DDMU than when dosed 
with DDT, DDD or DDE but the DBMU-dosed rat excretes a very high 
proporption of less polar (hexane-extractable) material. It is therefore 
difficult- to correlate polarity of metabolites with excretion rate on 
the basis of extraction restults. As will be discussed later, the 
hexane extraction in the rat did appear to remove some of the more polar 
metabolites from the faeces.
II Tissue Residues
The fraction of the dose found in the tissues is dependent on the period
!
of time between dosing and death and on.the rate of excretion. Although 
in this study the time intervals were variable, high tissue levels were 
generally associated with slow excretion rates.
The. mean percentages of the radioactive dose recovered from the tissues 
and excreta were good, above 90%, for all dose groups except the P^cjDDT- 
and P * C]DDD-dosed quail and the P^C]DDMU-dosed rats where recoveries were 
70-80%. The most probable explanation for these poor recoveries is that 
the radioactivity present in the faeces was underestimated. This was 
likely to occur where low levels of radioactivity were excreted over a 
long period. Other possibilities include a bad injection with external 
loss of radioactivity, an error in estimating the radioactivity injected 
or loss of radioactivity in expired air. The last is unlikely to have 
caused a large loss of radioactivity as Abou-Donia and Menzel(l976) found _ 
that only 1.6% of a dose of [ring-U-1 ^ C]DDT was expired as 1 * CO2 and 
Bisharft et_ al_« (1972) failed to detect any expired radioactivity. The 
assessment of dose was also unlikely to be responsible where recovery 
was good for two out of the three animals dosed.
The distribution of radioactivity between various tissues appeared to 
depend more on the compound administered than on the species of animal.
The more lipophilic P^CjDDT and p /fC]DDE gave the highest residues in 
the skin and fat while the less lipophilic P**C]DDD and P^cjDDMU gave 
the highest residues in the muscle and carcass. Generally very little 
radioactivity was found in the viscera, although appreciable amounts 
were found in the viscera from P ^  C] DDE-dosed quail and P * C] DDT-do sed 
rats. The former probably resulted from the very high overall body 
content of radioactivity in those birds. The latter may indicate that 
DDT more readily associates with the body organs in rats than DDD, DDE 
or DDMU or that the organs in the P * C] DDT-do sed rats had a higher fat 
content than the organs in animals from other dose groups.
Analysis of the radioactive compounds present in the skins indicated that 
the major component in all dose groups was unchanged dose. P**C]DDE was 
quantitatively the second most important component of the tissue residues 
from P ^ clDDT- and P * C]DDD-dosed animals. The skins from the P^ClDDMU-
dosed animals contained one radioactive component other than DDMU but this 
was not identified. The skins from P *C]DDT-dosed rats and quail contained 
some P^CjDDD but this accounted for very little of the total radioactivity 
recovered from the skins. This may have been formed as a metabolite by the 
animals or as a result of post mortem reductive dechlorination. This has 
been shown to occur extensively in tissues from mammals and birds kept at 
room temperature for several hours after death but only to a limited extent 
in tissues stored at -15°C or below and dechlorination was generally less 
evident in fat than other tissues (Barker and Morrison, 1964; French and 
Jeffries, 1969; Walker and Jeffries, 1978). It therefore appears unlikely 
that the DDD found in the skins, which have a high fat content and were 
stored at -20°C, was solely a product of post mortem reductive dechlorina­
tion.
The radioactivity present in other tissues was not characterised, but the * 
comppounds present in the skin are very likely to be those present in the 
fat.
H I  Organic Solvent Extraction of Faeces
The proportion of the radioactive dose extracted into hexane from the faeces 
was very similar for Pt*. C]DDT- and P * C]DDD-dosed animals but was higher 
for P ^  C^DDE-dosed animals. The percentage of the dose extracted into 
methanol varied inversely with that extracted into hexane to give fairly 
constant values for the total extracted radioactivity. There was however 
a marked difference between the P ^  C]DDMU-dosed rat, where most of the 
extractable radioactivity was in hexane, and the quail where nearly all 
the radioactivity was extracted with methanol. This would appear to indi­
cate that there was a considerable difference in the nature of the meta­
bolites excreted by the rat and quail^ but the results obtained from t.l.c. 
analysis generally indicated that the hexane extract of rat faeces contained 
more polar compounds than the hexane extract of quail faeces. This 
was either because conditions wore more favourable for extraction of
the more polar compounds into hexane from rat faeces or because the rat 
excreted more unconjugated material than the quail# The rat faeces did 
have a higher water content than the quail faeces and although it is poss­
ible that the hexane in contact with the rat faeces became ’wet1, the 
addition of sodium sulphate to the faeces should have prevented any 
appreciable water loss into the hexane# There were also likely to be 
-other differences between the rat and qual faeces, such as pH, the pres­
ence of urates in quail faeces and different surface active components present 
in each, which could affect the efficiency of extraction# Some compounds, 
such as DDA, appeared in the hexane extract of rat faeces but in the metha­
nol extract of quail faeces* The methanol extracts of faeces were acid 
hydrolysed prior to analysis and it is not known to what extent the 
metabolites present were conjugated. It was therefore not possible to 
determine whether or not the quail faeces contaiied more conjugated radio­
active components than the rat faeces.
There was good agreement for most animals between the determination of 
total radioactivity in the faeces and that recovered by extraction 
followed by combustion of the residue. The values obtained for radioactivity 
recovered by extraction and combustion of the residue for the P**c]DDT- 
dosed animals were a little low and those for the P * C]DDD-dosed rats 
were extremely low. The latter discrepancy was probably attributable to 
the difficulties experienced with the combustion of the faeces samples from 
the ^CjDDD-dosed animals and to the considerable inaccuracies associated 
with counting the radioactivity in the methanol extracts. Recoveries of 
radioactivity after procedures such as acid hydrolysis or aqueous extrac­
tion were always higher for P ^  c]DDD-dosed rats than for the animals in other 
dose groups. The results obtained when aliquots of these methanol extracts 
were subjected to combustion then scintillation counting were very variable 
but generally higher than when aliquots of the methanol extracts were only
subjected to scintillation counting. It appears probable that estimates 
of radioactivity extracted into methanol from the faeces of [1i,C]DDD- 
dosed rats were 20% low.
IV Aqueous extraction using solutions of sodium hydrogen bicarbonate, 
hydrochloric acid and sodium hydroxide
1• Hexane extracts of faeces
The extraction of the hexane extracts from [1i|C]DDD and C1 ^ C]DDMU-dosed 
rats with aqueous sodium hydrogen carbonate indicated that about 15% of 
the radioactivity was soluble in bicarbonate and may have been acidic or 
degraded to form an acid. Extraction with hydrochloric acid indicated 
that 10 to 22% of the radioactivity in the hexane extract was soluble in 
acid and possibly of a basic nature or was degraded to form a base, 
although this would appear unlikely from present knowledge of foreign 
compound metabolism. Recoveries back into the organic solvent were low 
which may indicate a low hexane solubility for these compounds.
The t.l.c. analysis of these samples indicated that most of the radio­
activity extracted into aqueous solution comprised compounds of 
unknown identity. From Table 19 it appeared that both t.l.c.1. and 
t.l.c.3. from [1 * C]DBMU-dosed rats had an acidic and a basic component.
The treatment with both aqueous solutions appeared to increase levels of 
t.l.c.2., DBF and the suspected DDD which'may indicate conversion of 
t.l.c.l. and/or t.l.c.3. to these compounds. For the  ^C]DDD-dosed rats, 
t.l.c.I. appeared to be basic and possibly converted to t.l.c.4. and t.l.c. 
to be acidic and possibly converted to DBP. It is also possible that the 
compounds apparently produced by the treatment with aqueous solution were 
previously being retarded on t.l.c. plates by lipid material and that 
the treatments freed them by altering the lipid composition rather than 
by chemically altering the radioactive compound.
2. Methanol extracts of faeces
A comparison of the amounts of radioactivity extracted into sodium hydrogen 
carbonate solution from hydrolysed and unhydrolysed methanol extracts 
indicates-that the hydrolysis procedure reduced the aqueous solubility of 
the radioactive material in the methanol extracts. It appears likely 
from the results of metabolite identification procedures that this was 
because transesterification had occurred. The methyl ester of DDA was 
detected in an unmethylated sample from a methanol extract after acid 
hydrolysis* Conjugates hydrolysed by methanolic sodium hydroxide can 
undergo transesterification to yield the methyl ester as recently shown 
for A^-tetrahydrocannabinol-ll-oic acid (Williams et al., 1979)* This 
only occurred with conjugates, but when DDA dissolved in 1ml methanol was 
subjected to the same hydrolysis procedure as the methanol extracts it 
was found that over 50% had been converted to the methyl ester. This 
illustrates that care is needed in the interpretetdon of results obtained 
after hydrolysis. The extraction of the unhydrolysed material with 
sodium hydroxide solution indicated that there may be a small percentage 
of phenolic material present. -
It has been reported previously by Fiel et al.(l973) that partitioning 
the extracts of rat faeces between an organic phase and either sodium 
hydrogen carbonate or sodium hydroxide solutions does little to 
separate compounds but does act as a clean-up procedure. This is in 
agreement with the results obtained for the methanol extract in this 
study.
V Specific activity determination of [1f|C]DDT, [1 * C]PDD, [1i*c]DDE and 
[1j>C]DDMU recovered unchanged from the hexane extracts of the faeces
The values obtained are shown in Table 18. Generally the results
obtained for the compounds isolated from the faeces differed by less than
15% from the values obtained for the compounds prior to injection. This
degree of error could be attributable to the combination of the estimation of
sample concentration concentration by g.l.c. and of radioactivity by 
scintillation counting. However a much greater error was found for 
isolated C1/fC]DDE which probably results from the animals having back­
ground levels of non-radioactive DDE from low-level contamination in the 
diet. This has been estimated to be up to 0.5 p.p.m. and because of the 
long half-life for DDE in rats and quail in particular, little would be 
lost by excretion. Assuming that a lOOg quail consumes 20g of food each 
day, over the 70 day experimental period the ^C]DDE-dosed quail would 
each have ingested 0.7mg DDE with the diet and assuming that a 200g rat 
consumes 20g of food each day, over the 56 day experimental period the 
[1 ^ C]DDE-dosed rats would each have ingested 0.56mg DDE with the diet.
This is in addition to the DDE ingested prior to the study and so it appears 
likely that the background levels of DDE were sufficient to cause some 
reduction in the specific activity of the C1ifC]DDE recovered from the excreta.
VI Identification of Metabolites
The identity of those compounds for which pure reference standards 
were available was determined with a high degree of certainty using a 
combination of g.l.c., t.l.c. and m.s. Those compounds included DDT, DDD, 
DDE, DDMU, DDNU and DBMS although no evidence was found for the presence of 
the last two compounds. Standards were also available for DDOH and DBP but 
some difficulties in identification were experienced, mainly because of 
interference from extraneous material with the same g.l.c. retention times. 
The samples suspected of containing DDA or a hydroxylated component were 
methylated and compared with DDA treated in the same way as this enabled the 
t.l.c. separation of the radioactivity from some contaminants. A summary 
of the metabolites which were identified is given in Table
Table 34
Summary of the metabolites identified after dosing rats and Japanese quail 
with [1bC]DDT, [1ltc3DDD, D*C3DDE and [1 *C]PDMU.
i) Rat
ii) Quail
Compound dosed [1 &Cjmetabolites identified
[1ac]ddt DDA DDD DDE (DDOH)
[1 *c]ddd DDA DBP DDE
[1*c]dde HO-DDE DDA (DBP)
[14c]ddmu DDA DDOH DBP (DDD)
Compound dosed i—
i &■ 0  
1_I
'3 rotabolites identified
[1 4c]ddt DDA DDE DDD
[14c]ddd DDA DDE (DBP)
[1i*c]dde 
[1 u Jddmu
DDA
HO-DDMU DDOH DDA
(DBP)
(DBP)
Compounds in parenthesis were only tentatively identified.
j
One of the major difficulties experienced in attempting the identification 
of unknown compounds was the correlation of a g.l.c. peak with radioactivity 
It was necessary to search for chlorinated fragment ions in m.s. scans
derived from g.l.c. peaks with suitable retention times. This resulted 
in some compounds being assigned possible molecular ions, but for many 
g.l.c. p e a k s  no chlorinated molecular ion or fragment ions could be 
detected. The major source of chlorinated compounds other than the 
injected compound was probably contaminants in the feed and it is possible 
that compounds such as polychlorinated biphenyls were present.
The identifications which were difficult or of particular interest are 
discussed in the following sections.
1. Lipophilic metabolites (DDD, DDE and DDMU)
A fraction of the hexane extract of faeces from [1 4 C] DDMU -dosed rat 
appeared to contain P ftCjDDD by g.l.c. but there was a high fat content in 
this sample which made g.l.c.-m.s. inadvisable. It appears unlikely that 
the rat could affect chlorine addition and convert P*C]DDMU to P^CjDDD. 
Although low level contamination of the dose with P ftc3DDD cannot be 
excluded, there was no evidence for the excretion of [1<tc]DDD by P  fec3DDMU- 
dosed quail. Identical P tC3labelled and unlabelled DDMU were used in dose 
preparation and analysis of the dose by g.l.c. did not detect DDD. It is 
possible that the detection of’P*c3DDD in this instance was due to an 
artefact and the identity of the radioactivity in this fraction remains 
undetermined. The [1 *C3DDD in the excreta from P fec3DDT-dosed quail was 
not confirmed by g.l.c.-m.s. and could have also arisen from, contamination, 
but P 4C3DDD was confirmed as a residue in the skin of these animals.
P * c ]dde was apparently found in a fraction of the methanol extract 
from P  CjDDE-dosed quail by g.l.c.-m.s. This sample had been treated with 
diazomethane and apparently methylated. After methylation the results of 
t.l.c. and g.l.c. also indicated that there was P *C]DDE present.
Generally lipophilic compounds such as DDE are readily extracted into 
hexane and it appears unlikely that appreciable quantities would remain in
I
the faeces and be extracted into methanol. It is possible that the DDE 
was formed or. freed in some way as a result of the acid hydrolysis of the 
methanol extract or by the treatment with diazomethane.
Traces of DDE and DDMU were found in a sample from the methanol 
extract from DDMU-dosed quail but, unlike the DDE described previously, there 
was no evidence from t.l.c. that this represented the radioactivity and 
contamination is the most likely cause in this case.
The detection of two radioactive components in the hexane extract of
faeces from DDMU-dosed rats, with different R„ values on t.l.c. but almostF
identical g.l.c. and m.s. characteristics which suggested that they were 
both DDMU was surprising. It is possible that a compound was breaking down 
to give DDMU under the conditions of g.l.c. or that some of the DDMU was 
associated with extraneous material in the hexane extract and held back on 
t.l.c.
P  aC]DDE was detected in the hexane extract of skin and faeces from 
[1 *C]DDD-dosed rats and quail. The amounts found were in excess of the 
maximum level of contamination of the dose and although some apparent increase 
in the relative proportion of DDE found could result if recoveries of DDE 
after clean-up were much better than the overall recovery, it appears that 
DDE does represent a metabolite of DDD.
2. PDA
DDA was detected, after derivdtisation to its methyl ester, in both 
hexane and methanol extracts of rat faeces but only in the methanol extract 
of quail faeces. The P &CjDDA in the hexane extract had been excreted 
unconjugated by the rat, which agrees with the findings of Jensen et al.(l957) 
and Pinto et al.(l965)» It appears likely that the quail only excreted 
P &C]DDA as conjugates, which would not be hexane extractable but it is possible 
that some free P ,4C]DDA was present in the methanol extract before acid 
hydrolysis. Hydrolysis had apparently reduced the proportion of very polar
material present in the methanol extracts as determined by t.l.c. and 
the conditions used were likely to hydrolyse conjugates with amino acids 
(Fiel et al.,1973) and ester glucuronides and partially hydrolyse ether 
glucUrOnides. Previous work has indicated that for rats the most likely 
conjugates are with amino acids (Pinto et al.,1965; Reif and Sinsheimer, 
1974) and their hydrolysis would agree with the decrease in the polarity 
of the extract seen after hydrolysis.
The detection of methyl DDA in an unmethylated sample was perhaps a 
little surprising but evidence suggests that the hydrolysis procedure could 
result in methyl ester formation by transesterification as described 
previously.
One methylated sample from C1 *CjDDMU~dosed quail showed a very similar 
mass spectrum to the methyl ester of DDA except for the absence of M+ at 
m/e 294. It is possible that there was insufficient material present for 
detection but another compound with a very weak molecular ion could be 
responsible for the spectrum. Possibilities include a conjugate of DDA 
and those compounds with substituted ethane structures such as DDMS or DDNS.
3. DDOH and DBP
The detection of DDOH and DBP was difficult in some samples as 
previously described. DDOH was however found in the methanol extract of 
[1 *C]DDMU-dosed Japanese quail, although DDOH is believed to be hexane 
extractable. This anomaly could be due to the different nature of rat 
and quail faeces as previously discussed or could arise because the DDOH 
was conjugated. DDOH could form conjugates with fatty acids in the rat 
(Leighty et al.,1980) and so may be excreted as such.
DBP was found in samples from all dosed animals except the [1*C]DDT- 
dosed quail. However, some compounds, such as dicofol, break down under
g.l.c. conditions to DBP (Ott and Gunther, 19&5) generally the t.l.c. 
results confirmed identification as DBP.
4* Hydroxylated-DDE
The results obtained from g.l.c.-m.s. analysis of a radioactive 
component in the hexane extract of faeces from [1 *c]]DDE-dosed rat agreed 
very well with those obtained by Sundstrom (1977) for the methyl ether of 
hydroxylated-DDE. Although a reference standard was not available for this 
compound, the evidence strongly suggested that the component was hydroxylated« 
DDE which had been methylated by treatment with diazomethane. The location 
of the hydroxyl group on the phenyl ring should influence the relative 
abundances of the ions but the results obtained did not closely agree with 
those found for any of the possible structures described. The data for the 
major component did appear to resemble more closely the published values 
for 3H0-DDE than any other. This derivative has been found to be the major 
one excreted by DDE-dosed rats by (Sundstrom 1977) and is a likely 
derivative from considerations of chemical orientation. It appears likely 
that the compound, present in very low amounts and preceding the suspected 
methyl ether of 3H0-DDE on g.l.c., was the methyl ether of 2H0-DDE and the 
one proceeding was the methyl ether of 4H0-DDE. The mass spectra and the 
relative retention times on g.l.c. are consistent with this.
It appears likely that there are 3 separate compounds with molecular 
ions at m/e 360 and four chlorine atoms which are closely associated with 
the hydroxylated-DDE derivatives and only the one appearing after 9-6 min 
on system (3) was separated sufficiently on g.l.c, for a separate mass 
spectrum to be obtained. This spectrum showed that the ions at m/e 332 
and m/e 262 were likely to be unique to the compounds with possible molecular 
ions at m/e 360. These compounds have not previously been reported and 
several explanations are possible. It appears most likely that m/e 360 
does represent the molecular ion and that this is a derivative of HO-DDE.
The 3 compounds with this molecular ion are probably derivatives of the 
2,3 and 4 HO-DDEs described previously. They may be ethyl ethers which 
would be expected to lose CgHft, to give an ion at m/e 332 but the mechanism 
by which such a derivative could be formed is not clear.
5• m/e 312 (Methyl ether of hydroxylated-DDMU)
Comparison of the metabolite from the methanol extract of [1 *CjDDMU- 
dosed quail which had three components with possible molecular ions at 
m/e 312 with the methyl ethers of hydroxylated-DDE described by Sundstrom 
(1977) indicated that the breakdown patterns were very similar. Although 
Sundstrom reported that a hydroxyl group could replace the chlorine on a 
phenyl ring to give a methylated derivative with m/e 312 as the molecular 
ion, it seems more likely that as the compound dosed was C1*CDDDMU, the 
hydroxylation had not replaced a chlorine, but that these were hydroxylated 
derivatives of DDMU. This also appeared likely as a trace of DDE was found 
in the sample containing the hydroxylated derivatives of DDE and a trace 
of DDMU was found in the sample thought to contain hydroxylated derivatives 
of DDMU.
There are three possible locations for the hydroxyl group on the ring 
and it appears likely that the three components represent positional 
isomers of the methyl ether of hydroxylated-DDMU. If the order of elution 
after g.l.c. corresponds with that found for the hydroxylated derivatives 
of DDE by Sundstrom (1977)? the major isomer is that hydroxylated at position 
3 of the benzene ring and this is in agreement with the results for 
hydroxylated-DDE in the rat. It is, however, not known which isomer or 
isomers were present in the sample t.l.c. 3-m.e.ii. which also contained 
at least one compound with a molecular ion at m/e 312.
The detection of components with possible molecular ions of m/e 326 
is of interest because although they do not represent a large % of the dose,
they appear to be comparable with those compounds with molecular ions
at m/e 360, found in the sample containing the methyl ethers of hydroxylated-
DDE.
It is also of interest that the hydroxylated derivative of DDE 
produced by the rat was hexane extractable but that the hydroxylated 
derivative of DDMU produced by the quail was methanol extractable. This 
might be explained by the conjugation of free hydroxyl groups before excretion 
by the quail•
6. m/e 248
Two metabolites, one from the hexane extract of rat and the other from 
the methanol extract of quail, both dosed with [1 ^ CjDDMU, contained a possible 
molecular ion m/e 248. The mass spectrum obtained was very similar to that 
obtained for DDNU but m/e 235 and a few other ions were additionally present. 
However, the retention time on g.l.c. did not coincide with that for DDNU 
and so the compound probably has a higher molecular weight and the molecular 
ion may not have been seen. It is possible that loss of water could have 
occurred from the molecular ion suggesting a metabolite which is an analogue 
of DDOH with the hydroxyl group on carbon 1 of the ethane group. This would 
probably fragment to give m/e 235 and m/e 248 as observed. It is also 
unlikely to be methylated by diazomethane which is consistent with the results 
obtained.
The results do not indicate that the compound is ring hydroxylated. 
Alternative suggestions are that the parent compound is much more complex 
which seems unlikely from t.l.c. and g.l.c. results or that m/e 248 is the 
parent compound. A possible structure could be:
Ar Ar
\
/
C C
\
H H
This compound has been produced from DDT in the presence of chromous 
chloride and vitamin B-j2 (Stotter, 1977? Nome and Zanette, 1980). A 
metabolite similar to this but with chlorine replacing the ethylenic hydrogen 
atoms has been found when investigating the metabolism of DDT by Aspergillus 
Niger (Bunyan, P.J., personal communication). A sample of this compound was 
available for mass spectral analysis and the results are shown in Appendix 4. 
The fragmentation pattern closely resembled that of DDE apart from an absence 
of m/e 233? and it could be predicted that the breakdown of the proposed 
structure for m/e 248 would be similar to that of DDNU which it resembles.
The apparent inability of the compound to methylate on treatment with diazo- , 
methane is also consistent with this structure. The formation of this 
compound from DDMU may involve glutathione but it is fairly unusual for such 
a rearrangement to occur.
j Further work on this compound has indicated that it could be an ester of 
DDOH, possibly DDOH acetate.
7. m/e 308
Three samples appeared to contain a compound with a molecular ion of 
m/e 308. One, from C1 ^ CjDDD-dosed rat was unchanged by treatment with 
diazomethane and also contained the methyl ester of DDA. The other two were 
from [1 “cDDDT-dosed quail and were observed after methylation, but apparently
contained DDE before, but not after methylation. As the treatment of pure
DDE reference standards with diazomethane had no effect it could be suggested 
that the parent compound was unstable at the injection temperature for g.l.c.— 
m.s. and gave rise to the breakdown product DDE. It is. further suggested that
methylation of the parent compound resulted in a new breakdown product having
m/e 308.
The sample from ^CjDDD-dosed rat probably contained m/e 308 from a 
different source as no DDE was found. The compound may be an ethyl ester of
DDA. This is unlikely to have been produced by the rat or survived hydrolysis 
but it may have been formed by transesterification as e t h y l  esters of fatty 
acids were present in tfke extract.
8. m/e 316 (not DDE).
There was a compound present in the hexane extract of *CjDDMU-dosed 
rats which gave a poor mass spectrum and further work is needed for a positive 
identification. The results of m.s. alone had indicated similarities with 
DDD and DDA but the g.l.c. and t.l.c. results were different to both of these. 
One of the possible explanations is that complete fragmentation of a higher 
molecular weight compound occurred on g.l.c.-m.s. so that the molecular ion 
was not detected.
9. m/e 432
One fraction from the methanol extract of faeces from [1 ftCjDDMU-dosed 
quail appeared to have amolecular ion of m/e 432 by direct insertion m.s..
The chlorine pattern was indicative of 2C1 in the molecule and to account for 
the high molecular weight is difficult unless conjugation has occurred. The 
lack of response on analysis by g.l.c. would also agree with the compound
being a conjugate. If the metabolite were an amino acid conjugate, the amino
acid must contain two nitrogen atoms. The sample was treated with diazo­
methane and the molecular ion of desired m/e could not be obtained from a 
conjugate of DDA with a basic amino acid such as ornithine after methylation 
but could be obtained if conjugation was with a dipeptide consisting of 
glycine and serine. It would, however, be anticipated that such a conjugate 
would be hydrolysed by 6M-HC1 and that one of the ions produced on fragmentat­
ion would be m/e 235» The true identity of this compound remains to be 
elucidated.
10* Miscellaneous
The detection of one or two chlorinated compounds in a poor mass spectrum 
could be attributable to contamination and identification is not possible,
but if a derivative of DDT is suspected, further Analysis may be worthwhile.
The detection of m/e 251 in a sample from P*CjDDMU-dosed quail was 
of interest because this has been found as a major ion in the mass spectrum 
of DDNU-diol which has an extremely weak molecular ion (Planche et al.,1979)•
VII Comparison of the metabolism of DDT in rats and Japanese quail
1. Lipophilic metabolites
Both rat and quail metabolise E1*C3DDT to [1*CjDDD and [111 CjDDE which 
is in agreement with previous findings (Peterson and Robison, 19‘64; Ahmed 
and Walker, 1.969) • The quail may convert more DDT to DDE than the rat although 
the greater persistence of DDE in the quail makes comparison difficult. It was 
also evident that both rat and quail metabolised [1 ^ CjDDD to V *C]DDE which 
agrees with the findings of Seiber (1976) for the rat but has not previously 
been reported for the quail. The mechanism of this reaction is of considerable 
interest as it requires a novel route for DDD metabolism and for DDE synthesis. 
The most likely route would be via hydroxylation of the a carbon as shown 
below:
H OH
I . I
Ar —  C —  Ar r_n Ar — C —  Ar II
I I  > c
H —  C —  C i n 5 ° H - C - C l  /  \
| I Cl Cl
Cl Cl
DDD FW 152 DDE
The hydroxylation is probably carried out by the microsomal mixed function
oxidase system. DDD has been shown to give a type I binding spectrum with
cytochrome P ^ q (Kulkarni et al.,1975) and the product, known as FW152, has
been found as a metabolite of DDD in several insects (Gatterdam et al.,1964:
Rowlands and Lloyd, 1969). The loss of water from FW152 would give DDE. It
has been suggested that DDE could be fomed from DDT in an analogous reaction
via dicofol with loss of H0C1; (McKinney and Fishbein jl972). DDE has been
found as metabolite of dicofol in rat (Brown et al.,1969) but the more
Ar Ar
probable route for DDE formation from DDTAvia carbonium ion formation as 
suggested by Mansuy qt al.(l978). The production of DDD from DDT was 
discussed in chapter 1 and probably involves a flavoprotein-flavin cofactor 
system and/or cytochrome P ^ q (Esaac and Matsumura,198o).
Although DDMU has been reported as a metabolite of DDT, DDD and DDE, none 
was found in this study* It could however be detected in both excreta and 
skin after DDMU had been administered. It is probable that if present it would 
be largely located in tissues such as liver and kidney as indicated from 
previous work (Peterson and Robison, 1964; Datta, 1970; Bailey et al.,1969b), 
but if produced it is surprising that none at all could be detected in the 
excreta.
There was also no evidence found for the formation of DDMS or DDNU by 
either rat or quail. The results of this study do not therefore support the 
suggested routes for DDT metabolism in the literature beyond the conversion 
of DDT to DDD and DDE. This may be because the rate limiting step is in the 
formation of DDD, DDE or DDMU or because the proposed routes are incorrect.
2. DDA
DDA was found to be a metabolite of DDT, DDD, DDE and DDMU in both rat 
and quail. This agrees with previous results obtained for the rat (Peterson 
and Robison,1964; Datta, 1970) but DDA has only previously been reported as 
a metabolite of DDT in quail (Ahmed and Walker, 1979)* Lamberton et al.(1975 ) 
failed to detect any metabolism of DDE in Japanese quail and the only metabolite 
of DDE found in birds previously was DBP in the chick (Abou-Donia and Menzel,
1968). There has also been the suggestion that DDMU may not be metabolised 
to DDA in birds from results obtained using the pigeon (Bailey et al.,1969b).
The rat appeared to excrete some free DDA after DDT and possibly DDMU 
administration but there was no evidence for free DDA in quail. However, 
there may have been some unconjugated DDA in the methanol extracts of faeces 
although it seems likely that most of it was conjugated and subsequently
hydrolysed by 6M~hydrochloric acid.
The relative amounts of DDA excreted are difficult to assess. The 
recovery of each individual compound after hydrolysis and clean-up has not 
been determined, several fractions have not been examined thoroughly and DDA 
was probably excreted in rat urine. DDA was the major metabolite in urine 
from DDT-dosed rats both in this study and that of Apple (1968). DDA has also 
been detected in urine from DDD- and DDMU-dosed mammals (Datta, 1970; Gingell 
and Wallcave, 1974). In the present study most radioactivity was detected 
in the urine from 4CjDDD-dosed rats and from the results of previous .studies 
(Apple, 1968; Datta, 1970) it is possible that up to 90% of this was DDA 
(free and conjugated). The difficulties described in assessing the radio­
activity in the methanol extracts of [1 *C]DDD-dosed rats may have resulted in 
an underestimation of the percentage of the dose excreted as C1 *C]DDA by these 
animals, particularly as urinary.excretion of radioactivity was so high. For 
the purposes of comparison the results have been expressed as the percentage 
of the dose excreted as DDA 'in the time taken to excrete 50% of the radio­
activity and are shown in Table 35*
Table 35
The percentage of the dose recovered as DDA from the faeces during the
time taken to excrete 50% of the administered radioactivity.
[1*C] compound % excreted as DDA* by:
administered Rat Quail
DDT 13.7 (1.2) 2.3
DDD 6.1 (3.3) 7.4
DDE 3-2 (0.9) 2.4
DDMU 11.3 (2.3) 0.2
* DDA detected as methyl ester in faeces extracts by t.l.c., g.l.c.-m.s. 
or both. Figures in parentheses show % of dose excreted in urine over the 
same period.
The results show that DDA excretion was much higher in the rat than
the quail, except for the C1 ^ C^DDD-dosed animals and that the least DDA 
was excreted by rats dosed with DDE and by quail dosed with DDMU. Although 
the results for the other rat dose groups were similar (talcing into account 
the underestimation for DDD), in the quail DDD administration resulted in 
considerably more DDA than the administration of DDT or DDE. Thesd results 
again appear to indicate that the quail converts more DDT to DDE than DDD 
unlike the rat where comparatively little conversion of DDT to DDE appears 
to occur.
For the rat, if the Peterson and Robison pathway (see Figure 1) is 
valid, the difficulty in the conversion of DDE to DDA would be the formation 
of DDMU as DDMU is readily and rapidly metabolised. This cou^d be because 
the same enzyme is required for this conversion as for DDMU formation from DDD
and DDE could be a poor substrate for it. This may also apply in the quail.
If it is involved, there is possibly some difficulty with the access of 
DDMU to the enzyme systems for its further metabolism on route to DDA if 
it is not formed in situ. The DDMU may then become available for alternative 
conversions which further reduced the amount of DDA produced. These
alternatives will be discussed in the following sections.
It is also possible that the currently postulated routes for DDT 
metabolism did not occur to any appreciable extent in the experimental 
animals used in this study, and novel routes to explain DDA production from 
DDT, DDD and DDE based on the results obtained are discussed in section 
VIII of this chapter.
3. DBP
DBP has been shown conclusively to be a metabolite of C1 ftC]DDD- and 
[1 fcCjDDMU~dosed rats and possibly a metabolite.of 0* C]DDT-dosed rats,
[1 ftC]DDE-dosed rats and quail, [1 ftCjDDD-dosed and [1 *C]DDMU-dosed quail.
It has previously been reported as a metabolite of DDT in rats (Pinto et al., 
1965) but not in quail which agrees with the results obtained. It has
been reported as a metabolite of DDT, DDD and DDE in chicks (Abou-Donia 
and Menzel, 1968) and was the major metabolite found for DDE.
The route to DBP formation is not clear from the results of this 
study. It appears unlikely that DBP is formed from DDA as has been 
previously suggested (Abou-Donia and Menzel, 1968) as greatest production 
of DDA was not accompanied by greatest production of DBP. It appears 
likely that DBP can be produced from the compounds dosed by alternative 
routes to DDA formation.
DBP has been reported*as a metabolite of dicofol in rats (Brown et al.
1969) and of FW 152 in tobacco hornworm (Gatterdam e t a l ., 1964) and it is
possible that it is produced from DDT via dicofol and from DDD via FW 152.
The reaction is likely to proceed as shown below:-
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(X = Cl for DDT) (X = Cl for dicofol)
(X = H for DDD) (X = H for FW 152)
The difficulty with this proposal is the lack of evidence for dicofol 
and FW 152 production by rat and quail in this study. It is possible that 
if produced, they were not detected or they were almost entirely converted 
to DBP prior to excretion. It is also possible that DBP could be formed 
from DDT via DDD and FW 152 in the rat. DBP formation from DDMU and DDE 
may occur via epoxide formation as shown below:-
(X = Cl for DDE) 
(X = H for DDMU)
epoxide
stabilisation 
by some 
biological 
molecule B
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DBP
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The mechanism of this reaction is similar to the classical Iodoform 
reaction and closely resembles the mechanism proposed for the breakdown 
of trichloroethylene epoxide (T aylor et ^ il.,1977). The proposed epoxide 
could also rearrange to give ocCl-DDCHO but as the two suggested metabolites 
of this, aCl-DDA and ctOH-DDA (Gold et ail.,1981) were not detected this 
may not have occurred to any appreciable extent. The epoxide may also be 
converted enzymicallyto the dihydrodiol but this appears to be less likely 
to occur than the proposed conversion because chloroepoxides are generally 
poor substrates for the enzyme, epoxide hydratase, and again the formation 
products such as aHO-DDA could be expected but these were not found.
4. DDOH
DDOH was a major metabolite of [1 DDMU-dosed animals but was not 
conclusively found as a metabolite in any other dose group. Previously 
it has been reported as an excretory product from DDT-dosed hamster,
DDT- and DDD- dosed chick, DDE-dosed rat, DDMU-dosed mouse and DDMU-dosed 
quail (Gingell, 1976; Abou-Donia and Menzel, 1968; Datta, 1970; Gold et al. 
1981; Dilloway, 1975).
This result appears to show that the role of DDOH in the pathway as 
proposed by Peterson and Robison (1964) is doubtful. Although greater 
formation of DDOH when DDMU was dosed is in agreement with previous 
results, DDA formation from DDMU is minimal in birds both from the results 
of this study and from previous work in pigeon (Bailey et al.,1969b).
DDOH should also have been formed to an appreciable extent when DDD or DDT 
were dosed. The large amount found in the rat indicated that the detection 
of much smaller amounts would have been possible, although in the quail 
this is more doubtful. The pathway proposed by Peterson and Robison (1964) 
predicts DDA formation from DDOH and the highest levels of DDOH should 
have coincided with greatest production of DDA, which was not seen. There 
is therefore some indication that, at least in the quail, DDOH formation 
was competing with DDA formation when DDMU was dosed, but either DDOH 
was not formed in sufficient amounts to be detected or if formed, was 
unavailable for excretion when DDT, DDD or DDE were given.
One possible explanation is that the pathway, described by Gold et al., 
(1981), for DDMU in the mouse also occurred in the rat and quail. From 
previous discussion it seems likely that either DDMU is not formed from 
DDT, DDD or DDE or if it is formed it is rapidly metabolised at or near 
its site of formation, but not to DDOH. However, when DDMU is administered 
it is readily available to different enzyme systems,one of which is 
responsible for DDCHO production via the alkene epoxide of DDMU as shown 
in Figure 3- DDCHO can give rise to either DDOH or DDA:
An alcohol dehydrogenase which will catalyse the conversion of DDCHO to 
DDOH and DDOH to DDCHO has been isolated from rat liver (Suggs et al.,1970). 
The reaction sequence proposed by Peterson and Robison (1964) requires the
Ar2 * CH—CHO n2 aiuenyae aenyarogenase
Ar2 •CH-COOH (DDA)NADH+H
cohol dehydrogenase
NADH+H NAD Ar2 • CH~C 1^  OH (DDOH)
dehydrogenase to favour DDCHO formation and the .sequence proposed by 
Gold et al.,(l98l) requires the dehydrogenase to work in reverse. In the 
rat DDA formation from DDCHO appears to be favoured either because DDCHO 
is a better substrate for aldehyde dehydrogenase than alcohol dehydrogenase
or DDA is more effectively removed by conjugation and excretion than DDOH
+ . + .or NAD is more readily available than NADH + H . In the quail however,
virtually no DDA is produced and DDOH formation occurs very readily. A
possible explanation for this is that aldehydes of the general structure
rna^ bc_
Ai*e*CX-CHO f ^  poor substrates for aldehyde dehydrogenase in birds and 
are largely reduced to alcohol derivatives, Ar2 • CX-CHs OH, for example 
DDOH. In birds, where DDA formation is dependent on the oxidation of 
DDCHO, little DDA formation would be anticipated.
Further investigations of the relationship between DDOH, DDCHO and 
DDA and of the ability of the rat and quail to form the alkene epoxide of 
DDMU.are needed to determine how DDOH is produced. Analysis of unidentified 
metabolites from the faeces and of the tissue residues may also be of value.
5. Phenolic derivatives of DDE and DDMU
The [1*C]DDE~dosed rat excreted a hydroxylated derivative of DDE but 
this could not be detected for the [1 *C]DDE-dosed quail. However the 
results obtained by Sundstrom et al.(l975) indicated that both rat and 
guillemot excreted phenolic derivatives of DDE. The [1 *C]DDMU-dosed 
Japanese quail appeared to excrete a phenolic derivative of DDMU but this 
could not be detected in the rat and has not previously been reported.
These derivatives could either be formed from an aryl epoxide or by 
an insertion reaction. The enzyme system likely to have been involved is 
a cytochrome P/^q mono-oxygenase and it is possible that the induction
I
effects seen after DDE administration to rats or DDMU administration to 
quail are related to the production of these metabolites. An epoxide 
could be responsible for the effects that are produced in the liver by 
these compounds including glutathione depletion in hepatocytes (Dilloway
et al.,1982) and although the alkene epoxide of DDMU could be active, 
no comparable compound has been found for DDE. It appears likely that 
DDMU in quail and DDE in rat could induce their own metabolism which would 
partly explain the large difference seen in the rate of excretion of DDE 
between the rat and quail and the very rapid excretion of DDMU seen in the 
quail•
The hydroxylated derivative of DDE is probably not formed to any 
appreciable extent when DDT is given to rats because most of the DDT is 
converted to DDD. The hydroxylated derivative of DDMU is probably not 
seen when DDT or DDD are given to quail because DDMU may not be ^ frora DDT or 
DDD. The reasons for one compound not being produced by both species are 
not clear and may relate to the substrate specificity of the enzyme or 
substrate availability.
These derivatives do represent important alternative pathways for the * 
metabolism of DDE and DDMU but have not been observed for any other DDT- 
related compound. This indicates that the phenolic derivatives are readily 
excreted, possibly conjugated in the quail, as no further metabolism of the 
aliphatic portion of the molecule appears to occur. It may also indicate 
the ring hydroxylation occurs most readily when there is a chloroethylene 
-group in the molecule. Various hydroxylated derivatives of 0,p'-DDT have 
been detected in rats (Fiel et al.,1975) which suggests that the location 
of substituents in the ring system is more important in determining ease of 
hydroxylation than substrate specificity.
6. Unidentified Metabolites
Those metabolites for which a mass spectrum was obtained are of 
considerable interest, but their structures require confirmation before
■ itheir place in the metabolic pathways can be determined. The finding of m/e 
248 in both DDMU-dosed rats and quail does indicate that the metabolism of 
this compound is complex. It is possible that m/e 248 is involved in DDOH
production but is unlikely to be involved in DDA production. It is a major 
metabolite, and particularly in the quail and work is in progress to 
identify it.
The other important metabolites are those with m/e 308, which appear 
to be derived in two different ways. These are also of interest as they 
may represent a difference in the metabolism between rat and quail. The 
compound was obtained after dosing the birds with DDT and could be a 
derivative of DDE not previously reported, while in the rat it was obtained 
after dosing with DDD.
The suggestions for some compounds where a mass spectrum was obtained 
are purely speculative but as it is virtually impossible to assign any 
conventional structure to them, and assuming that they are not artefacts, 
it is necessary to consider novel compounds. These in particular merit 
further investigation; the ethyl ether of hydroxylated DDE from DDE-dosed 
rats and of hydroxylated DDMU from DDMU-dosed quail and the very tentative 
DDNU-diol from DDMU-dosed quail.
When a radioactive compound was carefully examined by g.l.c.-m.s. or 
m.s. alone and no previously reported fragmentation pattern was seen, it 
has been assumed that it may be a novel metabolite as long as the background 
was not too high. Identification of the radioactivity excreted by [1 ^ CjDDD- 
dosed quail proved particularly difficult to identify and over half of that 
extracted was examined but no conclusive results were obtained. One fairly 
major component showed a chlorinated ion at m/e 199 after direct insertion 
m.s. but this is a common fragment and further investigation is required.
There was also a considerable portion of the radioactive dose which 
was not extracted from the faeces by hexane or methanol. Possibly because 
of conjugation, covalent binding or inefficient grinding of faeces leading 
to inaccessibility to the solvent. Extraction at different pH values may 
have aided recovery by increasing the solubility of certain polar compounds
in the solvents. Generally 20-40% of the dose was unextracted from the 
faeces and can possibly be considered as largely water soluble material. 
It has been assumed that the material was of a different nature to that 
extracted when considering the nature of the metabolites.
VIII Conclusions
The rat was found to excrete the radioactive dose considerably faster than the 
Japanese quail when [1^C]DDT, C^CjDDD and [1l*c]DDE were administered.
The excretion rate for C1i>C]DDE was extremely slow in the quail and this 
is consistent with the accumulation of high residues of DDE in predatory 
birds which is not found to the same extent in predatory mammals. Similarly 
the fairly slow excretion rate found for DDT, may explain the persistence 
of DDT residues in many bird species. The radioactivity associated 
with a dose of [1i*c]DDMU, however, was excreted comparatively rapidly by 
the quail and at a similar rate to that observed for rats.
One of the reasons for the slow excretion of DDT, DDE and DDD by the quail 
is the poor ability of these birds to metabolise the compounds. This is 
illustrated by the relatively high percentages of the dose excreted 
unchanged by the quail compared with the values found for the rat. The 
rat appears to form DDA from DDT, DDD, DDE and DDMU more readily then the 
quail and, as this is fairly hydrophilic and likely to be readily conju­
gated, it is probably excreted rapidly once formed. The rapid excretion 
of the [1<,C]DDMU dose by the quail appears to be due to the formation 
of metabolites other than DDA.
The resuits of this study enable speculative metabolic pathways, for the 
metabolism of DDT in rat and quail to be drawn as shown in Figures 17 
and 18. Although DDA was found to be produced from DDT, DDD, DDE and 
DDMU, the relative amounts excreted indicated that there may be several 
differences between the rat and the quail, and that the previously pos­
tulated pathways of DDT metabolism may not be correct.
Although it is possible that the metabolic route from DDT to DDA in the
j
rat was via DDD and DDMU, there is some evidence that an alternative 
route might operate. The relatively low conversion of DDD to DDA,
FIGURE 17
Possible metabolic pathways for DDT in the male rat
DDT
(DDCHO) (Dicofol)DDD DDE
DDA DDOH DDMU DBP HO-DDE DBP
(DDCOC!)DBP
DDA
H ypothe t ica l  intermediates are in parentheses
FIGURE 18
Possible metabolic pathways for DDT in male Japanese quail
DDT
DDEDDD
(FW152) (DDCOCI)(DDCOCI) *DBP
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DDOH DDA
Hypothetical intermediates are in parentheses
assuming that all the DDA excreted was accounted for, compared with DDT 
and DDMU tends to suggest that DDD was not intermediate in DDA prpduction 
from DDT. It is also of interest that DDOH was a possible metabolite of 
DDT and a confirmed metabolite of DDMU in rats but was not detected when 
DDD or DDE were administered. As DDCHO is the most likely precursor when 
both DDOH and DDA are produced (Gold et al.,198l) it appears likely that 
DDT and DDMU are metabolised via DDCHO but DDD and DDE are not. In the 
quail it is probable that DDT is metabolised through both DDD and DDE to 
DDA and that this route does not involve DDCHO production as no DDOH 
was formed.
The’ involvement of DDMU in the metabolism of DDT, DDD and DDE appears 
doubtful in the rat and extremely unlikely in the quail. DDMU was not 
conclusively found as a metabolite of DDT, DDD or DDE in rat or quail 
and although it is possible that the formation of DDMU was the rate- 
limiting step in DDA production and so'DDMU was metabolised as soon as 
it was formed, it appears more likely that it was not produced. The 
relative amounts of DDA produced in the quail after administration of 
DDT, DDD,DDE and DDMU argue strongly against DDMU as an intermediate 
as does the lack of DDOH production except when DDMU was dosed. It 
has been suggested previously that DDMU is not involved in DDA production 
in birds (Bailey et al., 1969b) and the results of this study tend to 
confirm this. In the rat the position is less clear and the evidence 
suggests that DDT may be converted to DDA via DDMU but not via DDD, It 
is however very difficult to envisage DDMU formation from DDT without 
the intermediate formation of DDD and it is suggested that DDT and DDMU 
are both converted independently to DDA via DDCHO.
The formation of DDD and DDA from DDT could be explained if DDT followed 
a similar metabolic pathway to that proposed for carbon tetrachloride 
(Mansuy et alc1 1980). This involves cytochrome R*5 0, represented by
j + t 2 t
Fe /Fe below, and the. initial formation of a cytochrome 1^ 50-DDT 
radical complex.
ri- Cl Are- Cl
y. I I
Fe3 + ... DDT ----^ -- * [Fe2 + ... DDT] ■ -— i Fe3 + . . . * C - C - H
enzyme-substrate I t
complex Cl Ar
This could gain a hydrogen atom, for example, by abstraction from 
lipid, to form DDD or a peroxy radical could be formed which could 
give rise to DDCOCI and DDA as shown:
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Alternatively the radical complex could be converted to DDCHO 
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The compound Ar2'C=C=Fe has been synthesised from DDT and a model haem 
complex (Mansuy et al., 1978)*
This reaction sequences described for DDT, apart from DDD formation, pro­
bably only occur to any appreciable extent in the rat. These reactions 
are much less likely to occur vrtiere there is one less chlorine on the 
P carbon atom and the most probable route for the metabolism of DDD is 
a hydroxylation and DDCOCI formation.
Ar H
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I I
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Cl Co] * H
R»5 o
Ar OH
I I
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I I
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-HC1
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I
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This reaction is based on that described for the conversion of 
chloroform to phosgene (Pohl et al.,1977) and appears likely to be 
the major route for DDA formation from DDD in both rat and quail.
The conversion of DDE to DDA may be via the formation of an 
intermediate enol similar to that described by White and Sweeney(l9^5)• 
It is however more likely that epoxide formation, followed by reduction 
then loss of HC1, could result in DDCOCI formation. The hydrolysis of 
DDCOCI would give DDA.
Ar Ar
\  /
H H
I : I
Ar —  C —- Ar
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Cl Cl
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DDE-epoxide DDCOCI
A major difference between rat and quail is that DDE can be metabolised 
by the rat to a phenolic derivative but not by the quail. The persistence 
of DDE in the quail may be the result of the lack of an alternative 
metabolic route to that of DDA production. The quail, unlike the rat, 
does however produce a hydroxylated derivative of DDMU. These results 
appear to correlate with the induction of liver enzymes observed in DDE- 
dosed rat and DDMU-dosed quail (Bunyan et_al., 1972; Bunyan and Page,
1973)• The production of a phenolic metabolite of either DDE or DDMU 
is probably the result of the interaction of DDE or DDMU with cytochrome 
R,5 0. Induction of hepatic microsomal enzymes frequently occurs when 
a compound interacts with cytochrome R, 5o but is only slowly metabolised 
by it. It appears probable, therefore, that when either DDE or DDMU 
is metabolised to a phenolic metabolite, conversion is slow and 
induction is initiated. The absence of phenolic derivatives may indicate
that no interaction between DDE or DDMU and cytochrome R* 5 o occurs 
and so there is no induction. It is possible that induction could 
occur as a result of other interactions of DDT, DDD, DDE or DDMU 
with cytochrome R ^ o  such as when dicofol, FW 152 or epoxides of DDE 
or DDMU are formed. The evidence provided by this study suggests 
that these may be fairly minor metabolites and the rate of reaction 
is unknown, so that it is possible to speculate that the interaction 
of DDE or DDMU with cytochrome R,5 0 which results in phenolic metabolite 
production is the major initiating event in hepatic enzyme induction. 
There are several areas where further investigation would be extremely 
useful. The identity of some metabolites such as HO-DDMU and the 
possible ethyl ethers of HO-DDE and HO-DDMU and ethyl esters of DDA 
could be readily confirmed by the synthesis of reference standards.
The identification of the unknown metabolites is of major importance 
and would greatly assist in elucidating the metabolic pathways involved 
in the metabolism of DDT, DDD, DDE and DDMU in rats and quail. The 
suggested metabolite of DDMU, DDOH acetate, is of considerable interest 
as it represents a large proportion of the radioactivity excreted by 
* C]DDMU-dosed quail. The identity requires confirmation and it is 
also important to ascertain how it was produced as it is extremely 
unusual for O-acetylation to occur in foreign compound metabolism. It 
may be an artefact, produced by the extraction or hydrolysis procedures 
or a metabolite produced by micro-organisms in the gut and/or excreta. 
The role of the gut microflora in the avian metabolism of DDT is not 
known and merits investigation. There are some metabolites which were 
not found in the excreta of rat and quail in this study but which may 
be formed if the speculative routes for DDT metabolism were operative. 
The detection of some of these such as DDCHO, DDCOCI, FW 152, dicofol 
and DDE- or DBMU-epoxide, in vivo or in vitro, would jorovide useful
confirmation of the proposed metabolic pathways. One of the apparent 
discrepancies between this study and previous work is the role of 
DDOH in DDA formation. It would be useful to investigate the meta­
bolism of DDOH in rats and quail and in particular to ascertain if 
DDA or DDOH acetate could be produced. It would also be helpful 
to administer DDA to rats and quail in order to confirm that DBP is 
not produced from DDA. The correlation between HO-DDE and HO-DDMU 
formation and effects such as hepatic enzyme induction and glutathione 
depletion also requires examination. There appears to be very little 
information available on the enzymes involved in DDT metabolism in 
birds and mammals and the involvement of cytochrome R* 5o in many 
conversions has been proposed but requires verification. It would 
also be informative to carry out similar studies in other birds, for 
example the chicken and pigeon, to ascertain if other birds resemble 
the quail in their ability to metabolise and excrete DDT, DDD, DDE 
and DDMU.
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Excretion Results for Rat
a) The dhily production of urine and faeces
Animal No, Compound Urine (ml)** Faeces (g)**
dosed
DDT 6.6 + 4.3 (24) 13.8 + 5.0 (24)
4.4 + 2.1 (24) 13.9 + 3.6 (24)
5.7 + 2.9 (24) 13.0 + 2.4 (24)
1 DDD 7.8 + 1.1 (17) 15.0 + 2.3 (17)
2 9.7 + 5.5 (17) 17.6 + 4.6 (17)
3 7.1 + 2.4 (17) 19.1 + 2.4 (17)
1 DDE 2.6 + 1.2 (55*) 9.6 + 3.3 (56)
2 4.3 + 1.5 (55*) 13.0 + 3.7 (56)
3 3.8 + 2.5 (55*) 12.4 + 3.4 (56)
1 DBMU 3.6 + 2.6 (17) 10.9 + 2.7 (17)
2 4.6 + 4.5 (17) H . 2  + 3.3 (17)
3 5.4 + 5.3 (17) 11.1 + 2.2 (17)
* The separator was blocked on one day and the urine sample was lost.
** Values are means _+ S.D. with the number of days monitored in 
parenthesis.
b.i.) Excretion of Radioactivity following the Administration of [1/tC]DDT
to Rats
RAT 1 RAT 2 RAT 3 MEAN + S.D.
DAY
No. % Dose % Dose % Dose % Dose
1 1.29 1.25 1.42 1.32 + 0.07
2 2.58 1.97 3.55 2.70 + O.65
3 3.99 5.30 3.28 4.19 +0.84
4 4.39 3.88 5.02 4.43 + 0.47
5 2.90 7.50 5.29 5.23 + 1.88
6.- 2.91 4.99 4.58 4.16 + 0.90
7 5.36 6.46 5.09 5.64 + 0.59
8 3.50 3.99 3.72 3.74 + 0.20
9 5.76 7.70 3.55 5.67 + 1.70
10 3.64 6.56 2.84 4.35 + 1.60
11 5.17 3.65 3.25 4*02 + 0.83
12 4.98 2.82 2.91 3.57 + 1.00
*3 4.85 3.63 3.58 4.02 + 0.59
14 1.72 3.61 2.61 2.65 + 0.77
15 3.21 1.86 1.62 2.23 + 0.70
16 3.77 2.43 1.02 2.41 + 1.12
17 1.19 1.79 1.23 1.40 + 0.27
18 I.03 1.88 0.82 1.24 + 0.46
19 1.72 1.69 1.53 1.65 + 0.08
20 1.83 1.78 1.10 1.57 + 0.33
21 1.40 1.47 1.22 1.36 + 0.11
22 1.49 1.00 0.71 1.07 + 0.32
23 O.85 1.14 0.60 0.86 + 0.22
24 0.70 1.29 0.92 0.97 +0.24
Cage Washes 3.64 0.80 3.13 2.52 + 1.24
Total 73.96 80.76 64.79 73.17 + 6.54
APPENDIX 1 (cont)
b.ii.) Excretion of Radioactivity following the Administration of
P ^ d D D D  to Rats
DAY
No.
RAT 1 
% Dose
RAT 2 
% Dose
RAT 3 
% Dose
MEAN + S.l 
% Dose
1 7.21 5.68 5.16 6.02 + 0.87
2 21.65 19.77 17.45 19.62 + 1.72
3 21.05 23.63 16.14 20.27 + 3.11
4 12.49 11.74 10.12 11.45 + 0.99
5 7.13 9.25 8.02 8.13 + 0.87
6 4.19 5.75 3.91 4.62 + 0.81
7 2.26 3.63 3.6 3 3.17 + 0.65
8 1.47 2.02 1.65 1.72 + 0.23
9 1.30 1.40 2.30 1.67 + 0.45
10 1.57 1.77 1*79 1.71 + 0.10
1 11 0.52 0.88 1.19 0.86 + 0.27
12 1.08 I.27 0.93 1.09 + 0.14
13 0.49 0.72 I.07 O.76 + 0.24
14 1.00 1.39 0* 88 1.09 + 0.22
15 1.11 0.47 O.65 0.74 + 0.27
16 0.90 1.19 0.60 0.90 + 0.24
17 1.20 1.43 1.36 1.33 + 0.10
Ccuje U>c<.si-ves 0 - o 1 O-s-0 0 • 0 3 0 • 20
Total 86.63 92.56 ^5*3^ + 7.92L
b.iii.) Excretion of radioactivity following the Administration of 
r^CjDDE to rats ~~
DAY
No.
RAT 1 
% Dose
RAT 2 
% Dose
RAT 3 
% Dose
MEAN + S. I 
% Dose
1 I.27 0.58 1.89 1.25 + 0.54
2 2.97 3.34 3.16 3.16 + 0.15
3 3.14 6.46 5.46 5.02 + 1.39
4 2.96 6.67 3.09 4.24 + 1.72
5 3.24 8.04 2.41 4.56 + 2.48
6 1.92 8.79 1.11 3.94 + 3.45
7 + 8 3.72 10.25 2.89 5.62 + 3.29
9 + 10 3.44 7.05 4.50 5.00 + 1.52
11 + 12 2.58 5.33 2.49 3.47 + 1.32
13 + 14 3.24 5.78 3.97 4.33 + 1.07
15 + 16 1.38 4.14 2.85 2.79 + 1.13
17 + 18 1.77 2.16 1.06 1.66 + 0.46
19 + 20 3.00 2.51 1.62 2.38+0.57
21 + 22 1.63 1.29 1.51 1.48 + 0.14
23 + 24 2.45 1.25 1.06 1.59 + 0.62
25 + 26 1.49 1.67 0.72 1.29 + 0.41
27 + 28 1.13 1.02 .0.91 1.02 + 0.09
29 + 30 1.79 0.90 0.57 1.09 + 0.52
31 + 3 2 1.02 1.12 O.87 1.00 + 0.10
3 3 + 3 4 1.60 0.74 0.55 0.96 + 0.46
35 + 36 0.69 0.92 0.54 0.72 + 0.16
37 + 38 1.02 1.42 0.95 1.13 + 0.21
39 + 4o 1.14 1.09 0.48 0.90 + 0.30
41 + 42 1.15 0.96 *1 0 *loji 1.14 + 0.14
43 + 44 1.08 0.37 1.04 0.83 + 0.33
45 + 46 1.01 . 0.31 0.99 0.77 + 0.33
47 + 48 O.56 0.32 0.35 0^41 + 0.11
49 + 50 0.48 0.41 0.70 0.53 + 0.12
51 + 52 0.59 0.45 0.60 0.55 + 0.07
53 + 54 O.63 0.43 0.57 0.54 + 0.08
55 + 56 1.09 0.11 0.42 0.54 + 0.41
Cage
Washes 0.07 0.13 0.10 0.10 + 0.02
TOTAL 55.21 86.02 50.68 63.97 + 15.70
APPENDIX 1 (cont)
b.iv.) Excretion of Radioactivity following the Administration of
r^CjDDMU to Rats
Day
No.
RAT 1 
% Dose
RAT 2 
% Dose
RAT 3 
% Dose
MEAN 7 S.: 
% Dose
1 11.68 9.76 6.28 9.24 7 2.23
2 15.21 21.31 .17.47 18.00 7 2.52
3 8.68 13.77 2.93 8.46 + 4.43
4 6.85 7.63 3.87 6.12 7 1.62
5 3.90 4.65 2.11 3.55 7 1.07
6 2.92 3.58 1.73 2.74 + 0.77
7 1.29 1.96 1.45 1.57 7 0.29
8 2.76 4.89 3.16 3.60 7 0.92
9 2o08 1.62 1.42 1.71 7 0.28
10 1.91 1.46 2.03 I.80 7 0.25
11 1.88 1.31 1.95 1.71 7 0.29
12 1.95 0.49 1.37 1.27 *7 0.60
13 1.52 0.79 1.20 1.17 + 0.30
14 1.09 1.15 0.56 0.93 7 0.27
15 1.27 0.65 1.24 1.05 7 0.29
16 O.65 0.53 0.68 0.62 7 0.06
17 I.07 0.45 0.52 0.68 7 0.28
Cage
Washes 2.20 4.54 2.43 3.06 7 1.05
TOTAL 68.92 80.53 51.84 67.IO 7 11.78
'j ji
•c) The Mean % of dose excreted in the urine from [1 * C]DDT«-,, C CjjDDD, 
. P^CjPDE-, and C1 k C]DDMU-dosed rats
DDT-dosed rats DDD-dosed rats DDE-dosed rats 
Day No. Mean'% dose Mean % dose Mean % dose
+ S.D. + S.D. + S.D.
1 0.13 7 0.02 0.66 7 0.12 0.117 0.Q3 o .48 + 0.06
2 0.12 7 0.02 1.59 7 0.47 0.11 7 0.05 0.77 7 0.19
3 0.16 4* 0.06 1.00 7 0.36 0.08 7 0.02 0.32 7 0.07
4 0.10 7 o.o4 0.88 7 0.24 • 0.07 7 0.04 0.37 + o. 26
5 0.06 7 0.03 0.49 7 0.11 0.07 7 0.05 0.22 7 0.10
6 0.12 7 0.06 0.38 7 0.09 0.03 7 0.01 0.13 7 0.03
7 0.10 7 0.00 0.27 7 0.09 0.04 7 0.02 0.17 + 0.06
8 0.12-7 0.06 0.18 7 0.07 o.o4 7 0.01 0.13 7 0.04
9 0.11 7 0.02 0.17 7 0.02 0.05 7 0.01 0.07 7 0.02
10 0.08 7 o.o4 0.16 7 0.03 o.o4 7 0.03 o.o4 7 0.01
11 0.05 7 0.03 0.13 7 0.02 0.05 7 0.02 0.04 + 0.01
12 o.o4 7 0.01 0.05 7 0.01 o.o4 7 0.02 0.05 + 0.02
13 0.03 7 0.02 0.05 + 0.02 0.03 7 0.01 0.03 + 0.01
14 0.05 7 0.01 0.06 7 0.01 . 0.03 7 0.01 0.01 7 0.01
15 0.10 7 0.02 0.07 7 0.02 0.02 7 0.01
16 0.08 7 0.02 0.09 7 0.02 0.02 7 0.01 0.03 7 0.01
17 0.07 7 0.02 0.03 7 0.01 0.02 7 0 01
18 0.05 7 0.02 0 .05 + 0.01
19 0.03 7 0.01 — -
20 0.02 7 0.01 0.0 2 7 0-01
21 0.02 7 0.01
22 0.03 7 0.01 0.01 7 0.01
23 0.02 7 0.01
24 0.03 7 0.01 '
24 - 26 0.01 7 0.01
27 - 29 0.0 1 7 0.Q1
30 - 32 0.0 2 7 0.00
33 - 35 0.0 1 7 0.00
36 - 38 0.0 1 7 0-01
39 - 4l 0.0 2 7 0.01
42 - 44 0.0 2 7 o.oo
45 - 47 0.0 1 7 0.00
58 - 50 0.0 1 + 0.01
31 - 53 0.0 1 7 0.01
54 - 56 0.0 1 7 0.01
TOTAL + 0.26 6.27 7 0.97 1.04 7 0.19 2.88 7 0.74
DDMU-dosed rats 
Mean % dose 
7 S.D.
Excretion Results for Japanese Quail
a) The daily production of excreta
Animal No. Compound Droppings (g) 
dosed
1 DDT 5.9 +_ 1.6 (44)
2 5.7 +1.3 (44)
3 5.7 ±  1.6 (44)
1 DDD 5.4 + 0.7 (23)
2 5.1 +. 1.2 (23)
3 4.9 +, 2.3 (23)
1 DDE 4.8 +1.2 (70)
2 5.3 ±  1.4 (70)
3 5.5 ±  1.5 (70)
1 DDMU 4.4 i  0.7 (23)
2 4.8 +_ 0.8 (23)
3 ' 4.7 + 1.0 (23)
Values are means S.D. with the number of days monitored in parentheses
to Japanese Quail
Day QUAIL 1 QUAIL 2 QUAIL 3 MEAN _+ S.D.
^°* ' % Dose % Dose % Dose % Dose
1 8.18 1.67 11.40 7-08 +^4.05
2 3.69 1.19 4.48 3.12 +^1.40
3 4.54 1.85 3.65 3.35 ^  1.12
4 2.42 1.45 1.94 1.94 +_ 0.40
5 2.08 1.33 1.85 I.75 -f 0.31
6 1.89 2.29 1.01 1.73 +_ 0.53
7 .1.47 0.94 1.40 1.27 + 0.24
8 1.65 1.66 0.90 1.40 +^0.36
9 1.86 1.63 1.68 I.72 +_ 0.10
10 1.05 0.74 O .89 0.89 +_ 0.13
11 0.60 0.93 0.47 0.67 _+ 0.19
12 0.55 0.67 0.78 O .67 +^0.09
13 0.54 0.95 0.54 0.68 +_ 0.19
14 O .65 0.83 0.51 0.66 + 0.13
15 0.60 0.38 0.33 0.44 4_ 0.12
16 .0.84 0.78 1.09 0.90 +^0.13
17 O .78 0.63 0.48 O .63 +_0.12
18 0.84 1.28 0.60 0.91 +_ 0.28
19 0.81 1.34 0.74 0.96 +_0.27
20 0.75 0.92 O .69 0.79 j^O.10
21 O .73 1.09 1.42 1.08 -^0.28
22 0.71 0.71 1.57 1.00 +_ 0.41
23 0.52 0.34 0.34 0.40 +_0.08
24 0.55 0.85 O .87 O .76 +_0.15
25 0.70 0.64 0.27 0.54 +_ 0.19
26 0.52 0.82 0.63 0.66 +_0.12
27 0.60 0.68 0.90 Q .73 +_ 0.13
28 0.59 0.65 0.38 0 .5 4 ^ 0.12
29 0.66 0.60 0.75 0 .6 7 ^ 0.06
30 0.82 0.43 0.31 0.52 Jh 0.22
31 0.76 0.40 0.40 0.52 ■+ 0.17
32 0.72 0.93 0.58 0 .7 4 +^0.14
33+34 1.55 1.52 1.00 1.36 J+ O .25
35+38 1.69 1.40 1.60 1.56 > 0.12
37+38 0.91 0.87 0.42 0 .7 3 ^ 0.22
39+40 1.16 0.86 0.57 0.86 + 0*24
41+42 0.98 0.04 1.13 I.05 + 0.06
43+44 0.86 0.70 0.69 O .75 +_ 0.08
TOTAL 50.84 37-08  ^ 49.27 45-56+6.01
b. ii.) Excretion of radioactivity following the administration of [1fcc3DDD
to Japanese Quail
QUAIL 1 QUAIL 2 QUAIL 3 MEAN T  S.D.
DAY
No. % Dose % Dose % Dose % Dose
1 21.60 1.71 1-78 8.36 +_ 9.36
2 14.51 4.68 2.97 7-39 +. 5.09
3 8.88 4.70 3-40 5.66 +_ 2.34
4 4.80 5.51 3.24 4.52 ^ 0.95
5 2.02 5.76 2.88 3*55 + 1.60
6 1.21 3.74 2.20 2.38 +. 1.04
7 0.66 4.28 2.49 2.48 +. 1.48
8 0.60 4.03 2.36 2.33+^1.40
9 0.22 2.97 1.71 1.63 +.1.12
1 0 . 0.17 2.64 1.22 1.34 _+ 1.01
ill 0.11 2.45 I.63 1.40 +_ 0.97
12 0.11 I.93 1.28 1.11 +_ O .75
13 0.10 1.54 1.16 0.93 +_ 0 .6l
14 0.08 I.33 1.03 0.81 +■ 0.53
15 O .05 1.26 '1.49 0.93 +.0.63
16 O.17 1.15 1.61 0.9 8 ^+0.60
17 O .05 0.74 1.18 0 .664-0.47
18 0.06 0.70 1.64 0.80 +.0.65
19 0.05 0.60 1.66 O .77 +_ 0.67
20 0.07 0.47 1.86 0.80 +_ 0.77
21 0.09 0.57 2.05 0.90 +_ O .83
22 0.03 0.44 1.43 O .63 +_ 0.59
23 0.05 0.52 1.45 O .67 +.O.58
TOTAL 55*57 53*72 43.71 51.00 + 5.21
DAY NO.
[1 *C]DDE to Japanese Quail•
QUAIL 1 QUAIL 2 
% Dose % Dose
QUAIL 3 
% Dose
♦MEAN _+ SD 
56 Dose
1 0.53 0.16 45.16 0.35 +. 0.19
2 1.09 0.71 0.93 0.90 + 0.19
3 0.54 0.25 0.35 0.40 ±  0.15
• 4 0.62 0.30 . 0.45 0.46 jh 0.16
5 0.93 0.32 0.51 0.63 +. 0.31
6 0.82 0.41 0.42 0.62 + 0.21
7+8 ■ 1.42 0.75 1.01 1.09 +. 0.34
9+10 1.81 0.53 1.09 1.17 +. 0.64
11+12 0.64 O .76 0.54 0 .7 0 +^0.06
13+14 0.84 0.84 0.87 0.84 +_ 0.00
15+16 0.65 O .72 0.92 0.69 + 0 *o4
17+18 O .62 0.94 0.45 - 0.78 _+ 0.16
19+20 0.29 0.70 0.27 0.50 +_ 0.21
21+22 0.78 0.84 0.29 0.81 _+ 0.03
23+24 0.79 0.70 0.37 0.75 +. 0.05
25+26 0.94 0.48' 0.29 0.71 +. 0.23
27+28 0.72 0.74 0.32 0.73 ±  0.01
29+30 0.51 0.81 0.30 0.66 ^  0.15
31+32 0.71 1.26 0.92 0.99 +. 0.28
33+34 1.39 1.14 0.75 1.27 ^  0.13
35+36 0.77 1.28 0.46 1.03 j+ 0.26
37+38 1.15 1.08 0.46 1.12 _+ 0.04
39+40 1.22 1.12 0.45 1.17- +. 0.05
41+42 0.70 0.44 0.45 0.57 +. 0.13
43+44 0.72 O .51 0.28 0.62 +_ 0.11
45+46 0.69 O .70 O .27 0.70 +_ 0.00
47+48 0.80 0.55 0.22 0.68 •+ 0.13
49+50 0.64 0.66 0.34 0.65 +. 0.01
51+52 0.86 0.59 0.18 0.73 +_ 0.14
53+54 0.55 0.42 0.22 0.49 +. 0.07
55+56 0.47 0.55 0.29 0.51 +. 0.04
57+58 0.57 O .32 0.30 0.45 +_ 0.13
59+60 0.53 O .67 0.26 0.60 ^  0.07
61+62 O .56 0.39 0.22 0.48 +_ 0.09
63 0.22 0.17 0.11 0.20 0.03
64-66 0.63 O .92 0.72 O .78 +_ 0.15
67+68 0.46 0.60 0.28 0.53 +. 0.07
69+70 0.53 0.51 0.24 0.52 ^  0.01
Total 28.71 24.85 61.95 26.78 +^ 1.93
* The mean values do not include the data from bird 3
APPENDIX 2 (contd)
biv) Excretion of radioactivity following administration of [1 DDMU to
Japanese Quail
AY NO .
QUAIL 1 
% Dose
QUAIL 2 
% Dose
QUAIL 3 
% Dose
MEAN j_ S.D. 
% Dose
1 11.35 3 .96 3.12 6.14 ^  3*70
2 21.64 11.06 13.86 3.5.52 _+ 4.48
3 25.58 12.27 16.42 18.09 +, 5.56
4 16.47 7.87 8.17 10.84 +_ 3 «99
5 7.66 9.49 8.84 8.66 _+ 0.76
6 5-24 6.21 5.95 5.80 _+ 0.41
7 3.77 5.60 4.19 4.52 +_ 0.78
8 2.06 5.75 3.66 3.82 _+ I.51
9 I.23 4.13 2.96 2.77 ±  1.19
10 0.64 3.03 2.64 2.10 + 1.05
11 0.64 3.56 2.35 2.18 +_ 1.20
12 0.35 2.13 1.84 1.44 0.78
13 O .25 1.86 I.70 I.27 +_ 0.72
14 0.34 2.18 1.96 1.49 ±  0.82
15 0.36 1.54 1.54 1.15 +_ 0.56
16 0.18 1.60 1.43 I.07 +_ 0.63
17 0.16 1.39 1.85 1.13 +. 0.71
18 0.24 1.10 1.63 0.99 +t 0.57
19 0.15 1.05 1.18 O .79 +. 0.46
20 0.17 1.30 1.20 0.89 +_ 0.51
21 0.22 0.66 1.03 0.64 +_ 0.33
22 0.17 0.81 1.10 0.69 *5" 0*39
23 , 0.13 1.05 1.50 0.89 + 0.57
TOTAL 99.00 89.61 90.13 92.91 + 4.31
APPENDIX 3
Autoradiography obtained for the hexane extracts of faeces from
rat and quail
The spot numbers correspond to the t.l.c. reference numbers in 
Tables 13-16
51 refers to solvent system 1; 4 x hexane
52 refers to solvent system 2; 2 x hexane/acetone (42.1:1: v/v)
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Appendix 4. Mass Spectrometry
1. The relative probabilities of occurrence of peaks at masses (M), to 
(M + 8) in. the spectra of molecules containing various numbers of 
atoms of chlorine.
No. of
t-nionne
Atoms M M+2 M+4
1111
1 0.75 0.25
2 0.57 0.37 0.06
3 0.43 0.42 0.14 0.01
4 0.32 0.42 0.21 0.05 '
5 0.24 0.40 0.26 0.08 0*02
2. .The mass spectra obtained for reference standards of DDT and seve: 
metabolites, showing major ions above m/e 110.
a) DDT
m/e Description % relative abundance (m/e 235 sls base peak)
35a (M+) 2.8
317 (M+-C1) 2.1
282 (M+~2C1) 4.8
246 (M+-3C1,H) 5.5
235 (M+-CC1? ) 100.0
200 (M*-CC15 ,c i ) 9.0
165 (M*-CC15 ,2C1) 7.4
b) DDD
m/e Description % relative abundance (m/e 235 as base peak)
318 (11*) 27.4
283 (M+-C1) 6.2
248 (M+-2C1) 16.8
235 (m *-chc.i2 ) 100 .0
200 (M+-CHC12,C1) 33.6
165 (M+-CHC12,2C1) 76.1
Appendix 4 continued
c ) DDE
m/e Description % relative abundance (m/e 246 as base peak)
316 (M+) 69.7
281 (M+-C1) 9.0
246 (M+~2C1) 100.0
233 (M+-2C1,C,H) 2.8
210 (M+-3C1,H) 15.9
176 (m +-4c i ) 35.2
d) DDMU
m/e Description % relative abundance (m/e 282 as base peak)
282 (M+) 100.0
247 (M+-C1) 2606
233 (M+-C1,C,2H) 1.6
212 (M*-2C1) 87.5
176 (M+-3C1 »h ) 14.1
e) DfflS
m/e Description % relative abundance (m/e 235 as base peak)
284 (M+) 7.8
233 Cl) 100.0
199 (M+-C^ C1,C1,H) 10.9
165 (M+-CH2 Cl,2C1) 28.1
f) DENU
m/e Description % relative abundance (m/e 178 as base peak)
248 (M+) 91.4
233 (M*-CH2 ,h ) 3.9
213 (M+-C1) 53.9
199 (M*-CH2 , Cl) I 1.6
178 (M+-2C1) | 100.0
Appendix 4 continued
s) DDOH
m/e Description % relative abundance (m/e 235 as base peak)
266 (M+) 5.1
235 (m +-ch2 o h ) 100.0
199 (M+-CHt2 OH, Cl, H ) 15.0
165 (M+-CH2 OH,2C1) 55.9
h) DBP
m/e Description % relative abundance (m/e 139 as base peak)
250 (M+) 29.5
215 (M+-cr) 6.8
139 (W+~c6h4c i ) 100.0
111 (M+-C6H4C1,C0) 34.1
i
i) DDA ,methyl ester
m/e Description % relative abundance (m/e 235 as base peak)
294 (M+) 19.8
235 (M+-C00CHj ) 100.0
199 (M+-C00CHj,C1,H)1 llo7
165 (M+-COCCH5j2C1 ) 42.6
j) DDA
m/e Description % relative abundance (m/e 235 as base peak)
280 (M+) 15.8
235
a:801
+s
100 .0
199 (M+-COOH,Cl? H) 28.1
165 (M+-C00Ht2C1) 78.1
k) l,2-di(4-chlorophenyl)-l,2-dichloroethylene ( a metabolite produced
by Aspergillus Niger)
m/e Description % relative abundance (m/e 246 as base peak)
33-6 (M+) 50.P
281 (M*-Cl) 14.1
246 (M+-2C1) 100.0
210 (M** -3^1 ,H) 8.6
176 (j,j+ -4C1) 29.7
%
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THE SYNTHESIS OF [ring-U -14C] DDD FROM [ring-U-™ C] DDT 
using rat liver hom ogenate
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D epartm ent o f B iochem istry, University o f  Surrey,
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SUMMARY
1 .1 -D i[ring-U - 14C] (4 -ch lo ro p h en y l)-2 ,2 -d ich lo ro e th an e([14C] DDDJwas prepared by the  anaero­
bic incubation of 1,1 - d i [ ring—U—14C] (4-ch lo ropheny l)-2 ,2 ,2 -trich lo roethane  ( [14C]DDT) w ith hom o­
genised rat liver in buffer. This gave a good yield of DDD which was purified chrom atographically. T he 
overall recovery o f 99.5% pure DDD was 68%.
Introduction
1 .1 -D i(4-ch!orophenyl)-2 ,2 ,2 -trich loroethane (DDT) is still used as an insecticide in many countries 
and its m etabolic fate  in anim als is currently  under investigation in th is laboratory. 1 ,1-D i(4-chloro- 
phenyl)-2 ,2-dichloroethane(D D D ) is an im portan t m etabolite  of DDT as it appears to  be the  first one 
produced in th e  m etabolic pathw ay to  1 ,l-d i(4 -ch lo ro p h en y l) acetic acid (DDA) in rats (Peterson and 
R obison, 1964). A radiolabelled sample o f DDD which was required for m etabolic studies, was 
synthesised from com m ercially available [14C] DDT. Pure [14C] DDD with a high specific activity was 
required. It was particularly  im portan t to  ensure th a t there was minimal contam ination  o f the  DDD w ith 
o th er DDT m etabolites as these could give rise to  misleading results. The presence of 1 ,1-d i(4 -ch loro- 
p henyl)-2 ,2 -d ich loroethy lene (DDE), in particular, has invalidated previous studies as it is slowly elim ina­
ted  by m ost animals and even a low level in the original dose of DDD w ould accum ulate in the  tissues. A 
chemical m ethod  for the synthesis of DDD has been described by Z im m er and Klein (1972) and th is was 
evaluated b u t it was difficult to  obtain consistently  good yields and th e  DDD required extensive purifica­
tion  prior to  use. Several authors have reported th a t animal liver preparations readily dechlorinate DDT 
under anaerobic conditions. The m ethod used by Bunyan etal. (1966) for pigeon liver was m odified and 
used, with a rat liver preparation. The m ethod described in this paper is suitable for the  synthesis o f  DDD 
[ring-U -14C] of high purity  and w ith a high specific activity.
Materials
DDT fring- U -14Cl was obtained from  The Radiochemical Centre, Amersham, Bucks. DDT was 
prepared from  technical DDT (Rohm  Haas) by th e  m ethod of West and Campbell (1950) w ith final 
recrystallisation from  ethanol to  constan t melting po in t 108-109°C . S treptopen (500 mg procaine 
penicillin BP, 500m g dihydrostreptom ycin  sulphate, 2, procaine hydrochloride and 0.25% cetrim ide 
BP/ml) was obtained from  Glaxovet, G reenford, England. Neutral alum ina (Woelm, Superactive) was 
obtained from  Koch-Light Laboratories, Colnbrook, Bucks. Silica gel G (Type 60) was obtained from  
Anderm an & Co., East Molesey, Surrey. Scintillant was prepared using 4g 2 ,5 -diphenyloxazole  (PPO) 
from  Hopkins and Willaims, R om ford, Essex and 0.2g l,4 -d i[2 -(5 -pheny loxazo ly l)] benzene (POPOP) 
from  Koch-Light Laboratories Ltd. dissolved in 1L toluene. All o th er chem icals were of th e  highest 
grade com m ercially available.
The male Wistar rats (TAS) strain weighing a t least 200g were supplied by the  M inistry of 
Agriculture, Fisheries and Food, Tolw orth , Surrey.
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Method
A rat was killed by cervical dislocation and th e  liver was removed, washed w ith sucrose solution 
(42.8g 1 -1sucrose in 0.1% T riton  solution) and weighed. T he liver was hom ogenised in sucrose solution 
(2ml g -1) and poured o n to  a 250m l conical flask containing 60m l phosphate buffer, pH 7.4 (I7.8g 
Na2 H P04 and 20ml 1N HC1 L -1 in 0.1% T riton  solution) and 60m g ascorbic acid. A pproxim ately 1 ml 
of S trep topen  was added and the  flask was closed w ith a rubber seal. A continuous stream  of oxygen free 
nitrogen was supplied through needles inserted into th e  seal and th e  flask was incubated fo r 4  hours a t 
3 7 —38°C  in a shaking w ater bath. DDT (4.9mg, 90.677yCi) in 1ml m ethanol was added using a syringe 
and the incubation was allowed to  proceed for a fu rther 42 hours. A pproxim ately 40m l o f 10% trich loro­
acetic acid solution was added. The solution was centrifuged (2 ,000 r.p.m . for 15 m inutes), th e  super­
na tan t removed and extracted  w ith n -hexane for 16 hours in a liquid-liquid ex tracto r and th e  pellet was 
m ixed with anhydrous sodium  sulphate then  soxhlet extracted  w ith hexane fo r 16 hours. The glassware 
was also thoroughly  rinsed w ith hexane. The hexane ex tracts and washings were com bined and dried over 
anhydrous sodium sulphate and reduced in volume to  3m l. A liquots (500yl) were applied to  alum ina 
colum ns (2.5g neutral alum ina activity  IV) and eluted in 30m l n-hexane. The eluates were pooled, 
reduced in volume to  2ml and applied as a continuous band to  th e  b o ttom  of preparative layer ch rom ato ­
graphy plates. These were prepared from  a slurry of silica gel G (type 60) spread to  a thickness o f 1mm. 
The plates were developed in hexane and air dried a to ta l o f 3 tim es. The active bands were located 
using a 4 tt Tracerlab Scanner w ith the  following settings; ratem eter 10K cpm , tim e constan t 0.25s, slit 
w idth 0 .25 ins, scanning speed 12 in hr-1 and gas flow o f 500m l m in.- 1 . T he bands were scraped off and 
eluted in hexane as described by Odam e ta / . ,  1975. T he band corresponding to  DDD on electron  capture 
gas chrom atography was reapplied to  plates and the procedure repeated. Sam ples (50pl) were taken for 
scintillation counting from  each hexane ex trac t and the  glassware washings, from  the  colum n eluate and 
th e  final hexane ex tract. The instrum ent used was a Nuclear Enterprise N E8310 and counting efficiencies 
using a PPO /PO PO P/toluene scintillant were greater than  85%.
Results
T he recoveries of radioactivity in hexane from  th e  various fractions and afte r each clean-up stage 
are shown in the  tab le  below:-
yCi % recovered
Liver pellet 56.1 61.9
Liver supernatan t 0.1 0.1
Flask washes 7.6 8.4
Total 63.8 70.4
A fter alum ina colum ns 63.6 70.1
A fter preparative layer chrom atography 62.1 68.4
The DDD obtained had a specific activity o f 20.4yC i/m g and was greater than  99.5% pure by 
electron  cap ture  gas chrom atography.
Discussion
T he m ethod of synthesis described gave a good yield o f [rin g -U -14C] DDD of high purity . The 
dechlorination  was probably carried o u t largely by porphyrins in th e  liver hom ogenate although enzym ic 
conversion may also have occurred (Hassall, 1972). T he extraction  procedures recovered m ost o f the  
radioactivity from  the  precip itate  and very little was recovered from  th e  aqueous fraction o f the  hom o­
genate. T here was also a considerable recovery of radioactivity in th e  glassware washings. The hexane 
ex tracts contained traces of 1 ,1 -d i(4-ch lo ropheny l)-2 -ch lo roethy lene  (DDMU) and DDE b u t no DDT 
before purification was undertaken indicating th a t the  liver preparation had m etabolised all th e  available 
DDT. T he chrom atographic purification efficiently  removed traces of DDE and DDMU. The DDD was 
then  used in m etabolism  studies or converted to  DDMU, which is ano ther im p ortan t m etabolite  o f DDT.
This la tte r conversion involves a sim ple chemical dehydrohalogenation  reaction (Bunyan eta/. 1977). 
DDE and DDMU are difficult to  separate com pletely using chrom atography and so it is of considerable 
advantage to  have removed traces of DDE before synthesising DDMU.
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Excretion of Radioactivity Following the Intraperitoneal 
Administration of 14C-DDT, 14C-DDD, 14C-DDE and 
14C-DDMU to the Rat and Japanese Quail
S. C. Fawcett,1 P. J. Bunyan,2 L. W. Huson,1 L. J. K ing,1 and P. I. Stanley2
1Department of Biochemistry, University of Surrey, Guildford, Surrey GU2 5XH;
2Tolworth Laboratory, Ministry of Agriculture, Fisheries and Food,
Tolworth, Surrey KT6 7NF, United Kingdom
The recognition of the undesirable persistence of the organochlorine insecticide 
DDT and its metabolites in the environment has led to the phasing-out of its use 
in favour of less persistent alternatives. However considerable quantities of DDT 
are still used world-wide and residues are widely distributed through the environment. 
The principle environmental contaminant is the lipophilic metabolite DDE which 
accumulates in animal tissues and is considered to be responsible for eggshell thinning 
in predatory birds (COOKE 1973).
The metabolism of DDT in mammals has been extensively studied and a 
metabolic pathway in rats has been proposed (PETERSON & ROBISON 1964) which 
involves the initial reductive dechlorination of DDT to form DDD. The DDD is then 
dehydrochlorinated to DDMU which is converted through DDMS and a series of 
intermediates to DDA. The DDA appears to be largely excreted as conjugates with 
amino acids (JENSEN et al. 1957). DATTA (1970) suggested that in the rat DDT may 
also be metabolised through DDE to DDMU and then through a series of inter­
mediates to DDA. The metabolism of DDT in other mammals appears to be similar 
to that in the rat with, for example, DDA being excreted by the hamster (GINGELL 
1976), mouse (APPLE 1968) and dog (FINNEGAN 1949).
The metabolism of DDT in birds is less well understood. Pigeons appear not to 
excrete significant quantities of DDA (BAILEY et al. 1969a; SIDRA & WALKER 
1980) but following intraperitioneal administration of 14C—DDT to Japanese quail 
AHMED & WALKER (1979) reported that DDA was the major excretion product.
The role of DDMU in the metabolic pathway for DDT in the pigeon has been 
questioned as BAILEY et al. (1972) reported that DDMU was not converted to DDMS. 
There is increasing evidence that the metabolic fate and the biochemical activity of 
DDE and DDMU is different in birds and mammals (BUNYAN et al. 1972; BUNYAN 
& PAGE 1973; DILLOWAY et al. 1981).
Abbreviations: 14C-DDT, 1, l-di(4-chlorophenyl)-2,2,2trichloroethane-ring-UL-14C;
14C-DDD, l,l-di(4-chlorophenyl)-2,2-dichloroethane-ring-UL-14C; 14C-DDE,1,1-di 
(4-chlorophenyl)2,2-dichlor oethylene-ring-UL-14C;14 C-DDMU, 1,1 -di(4-chlorophenyl)- 
2-chloroethylene-ring-UL1?C;DDA, di(4-chlorophenyl)acetic acid. DDMS, l,l-di(4- 
chlorophenyl)-2-chloroethane.
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A major study is in progress to examine the metabolic fate of DDT in birds 
and mammals. The first phase of the study, which is reported here, has been to 
establish the rate of excretion of radioactivity following the intraperitioneal 
administration of *4C—DDT, *4C—DDE, *4C—DDD and 14C—DDMU to male rats and 
male Japanese quail. The proportion of the administered dose excreted as the 
unchanged compound has also been determined.
EXPERIMENTAL
Materials Pure DDT was prepared from technical DDT (ROHM HAAS) by the 
method of WEST & CAMPBELL (1950) with final recrystallization from ethanol to 
the constant melting point of 108— 109°C. DDD was prepared from technical DDD 
(ROTHANE) by repeated recrystallization from methanol to the constant melting 
point of 109—110°C. DDMU and DDE were prepared from DDD and DDT 
respectively by the methods described by APPLE (1968) with final recrystallization 
from methanol to the constant melting points of 64 and 88°C respectively. DDT 
(ring-UL-14C) was obtained from the Radiochemical Centre, Amersham, Bucks.
DDD (ring-UL-14C) was prepared by the method of FAWCETT et al. (1981).
DDMU (ring-UL-*4C) was prepared by the method of BUNYAN et al. (1977).
DDE (ring-UL-*4C) was synthesised from DDT (ring -U L-14C) by chemical 
dehydrohalogenation in an alcoholic potassium hydroxide solution (2 g potassium 
hydroxide in 20 mL ethanol). The solution was stirred and allowed to reflux for 3 h. 
The DDE was then precipitated by pouring into cold water, extracted into diethyl 
ether and purified using preparative layer chromatography on silica gel G (type 60) 
plates (1 mm) run in chloroform rhexane (1 :9).
The doses to be administered were prepared by mixing radiolabelled and 
unlabelled compound to give the required specific activity. The purity of the doses 
was checked using gas-liquid chromatography with electron capture detection and 
was found to be >99%. The contamination of the administered doses with DDE was 
found to be <0.5% for the DDT and <0.3% for the DDD and DDMU.
Silica gel G (type 60) (MERCK) was obtained from Anderman and Co., East 
Molesey, Surrey. Metapol HC 100 was purchased from Durham Chemical 
Distributors Ltd., Birtley, Tyne & Wear. Soluene 350 and Dimilume 30 were 
purchased from the Packard Instrument Co. Inc., Downers Grove, Illinois, U.S.A. 
Scintol S was purchased from Koch-Light Laboratories Ltd., Colnbrook, Bucks. All 
other chemicals were of the highest grade commercially available.
Animal Experiments Male TAS strain Wistar rats, 6—7 weeks old, weighing 
170—240 g and male Japanese quail (Coturnix coturnix japonica) from a highly 
inbred colony, 4 weeks old and weighing 75—100 g were supplied by the Tolworth 
Laboratory, Ministry of Agriculture, Fisheries and Food.
Each of the radiolabelled compounds was dissolved in com oil at 35°C and 
administered to 3 rats and 3 quail by intraperitioneal injection. The injected volume 
was 0.25—0.5 ml, the specific activity of the compounds dosed was 0.1—0.3 yCi/mg 
and the dose levels used were approximately 200 mg/kg body weight. The rats were 
individually housed in shielded metal metabolism cages and the quail were caged 
separately over glass plates. The animals were kept at 21°C and 65% relative
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humidity and allowed food (4 IB powdered diet, Oxoid Ltd., for the rats and turkey 
starter crumbs. Spillers Ltd., for the quail) and water ad libitum. The urine and 
faeces from each rat and the excreta from each quail were collected daily and stored at 
-20° C.
Determiniation of excreted radioactivity A small volume (0.25 mL) of each urine 
sample, 1 mL of water and 12 mL scintillant (8.25 g PPO, 0.5 L Metapol HC 100 and 
1L toluene) were added to a glass vial. The vials were counted in an NE 8310 
Scintillation Counter (Nuclear Enterprises, Beenham, Reading) which gave 
efficiencies of 70—80%.
A representative 500 mg sample of each of the daily faeces collection was air 
dried at 45—50°C to constant weight. Two 20—40 mg samples were placed in glass 
vials and 100yL water and 1 mL Soluene 350 were added to each. The digestion was 
allowed to proceed overnight at 50°C, the vials were cooled and 2 drops of 
hydrogen peroxide were added followed by 12 mL of Dimilume 30 scintillant. The 
vials were counted by the NE 8310 Scintillation Counter which gave efficiencies of 
60—70%. Some 200 mg samples of dried faeces were also combusted using a Packard 
Tricarb Sample Oxidizer. The samples, in scintillant (60 mL Scintol S, 100 mL 
2-methoxymethanol and 1 L toluene) were counted using a Packard Tricarb 
Scintillation Counter which gave efficiencies of 90—95%. The results indicated that 
there was good agreement between the radioactivity determined in the faeces by 
both the digestion and combustion method. This justified the routine use of the 
digestion method to estimate the radioactivity in the faeces.
RESULTS
The mean values from the three animals in each experimental group for the 
amount of radioactivity excreted daily are shown for the rat in Fig. 1 and for the 
Japanese quail in Fig. 2. The mean values for the rat represent the combined 
excretion in urine and faeces but the proportion excreted in the urine was low (the 
mean values for the animals dosed with DDT, DDE, DDD and DDMU were 1.7, 1.0,
6.3 and 2.9% of the dose excreted in 24,56,17 and 17 days respectively). The time 
taken to excrete 50% of the administered radioactivity ( and the 95% interval estimate) 
has been calculated by linear interpolation (SNEDECOR & COCHRAN 1967) over 
that part of the curve covering the 50% point. The excretion of radioactivity by the 
Japanese quail following administration of 14 C—DDE was very slow and in this case 
the time taken to excrete 50% of the dose was calculated by extrapolation. The times 
taken to excrete 50% of the administered dose are shown in Table 1.
The faeces have been extracted with hexane and methanol and work is in 
progress to identify by mass spectrometry the compounds present in the extracts. 
Preliminary studies have established the proportion of the dose excreted as the 
unchanged compound (Table 2).
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Table 1. Time (days) taken by rats and Japanese quail to excrete 50% of the radio­
activity administered as ^ C —DDT, 14 C—DDD, *4 C—DDE and 
14 C-DDMU.
Compound
administered Rat Japanese quail
DDT 12.1 ±0.7* 47.7 ± 3.3
DDD 3.4 ± 1.4 21.3 ±2.1
DDE 23.7 ±4.8 128.9 ±8.5
DDMU 6.4 ± 2.6 4.3 ± 2.2
*95% interval estimate
Table 2. The percentage of the dose of DDT, DDD, DDE and DDMU recovered 
unchanged from the excreta collected during the time taken to excrete 
50% of the administered radioactivity.
Compound
administered Rat Japanese quail
DDT 0.4 11.8
DDD 1.0 2.5
DDE 5.2 34.8
DDMU 3.8 0.9
DISCUSSION
The results of the present study permit, for the first time, the strict comparison 
of the rates of excretion of DDT, DDD, DDE and DDMU administered 
intraperitoneally to rats and Japanese quail. The rat excreted the radioactivity 
administered as DDT, DDD and DDE substantially faster than the Japanese quail.
This agrees with the results of other workers (AHMED & WALKER 1979; BAILEY 
et al. 1969a, b; BISHARA et al. 1972; GINGELL & WALLCAVE 1974; SEIBER 1976; 
SIDRA & WALKER 1980), which indicated that rats and other mammals tested were 
able to excrete DDT, administered orally or by injection, faster than the Japanese 
quail, pigeon, chicken and other birds examined.
The rat and Japanese quail excrete DDMU relatively rapidly and at a similar 
rate. This finding suggests that the apparent differences in the rates of excretion of 
DDT by birds and mammals probably arise from differences in the conversion of DDT 
to DDD and DDE or in the degradation of these metabolites to DDMU.
The Japanese quail differs from the rat in excreting substantial amounts of 
unchanged DDT, DDD and DDE. This probably reflects the inability of the Japanese
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quail to readily metabolise these compounds. In particular, the long ‘half-life’ for 
DDE in the Japanese quail and the excretion during the ‘half-life’ of 35% of the 
dose as unchanged DDE indicates that DDE metabolism is very slow in this species.
This slow degradation of DDE may be responsible for the high proportion of 
administered DDT recovered as DDE in tissues or excreta in experiments with the 
Japanese quail (AHMED & WALKER 1979) and the pigeon (SIDRA & WALKER 
1980). The relatively slow elimination of DDE by birds compared with mammals is 
consistent with the accumulation of high residues of DDE in predatory birds. This has 
not been experienced to the same degree with predatory mammals.
One of the urgent problems facing research workers in this field is to identify the 
presently unknown route of metabolism of DDE in birds. The present study shows that 
most DDE excreted by the Japanese quail is eliminated as the parent compound and it 
is, therefore, not surprising that most workers have failed to identify any metabolites 
of DDE in birds although ABOU-DONIA & MENZEL (1968) reported 
4, 4-dichlorobenzophenone in chicks exposed to 14 C—DDE. LAMBERTON et al. 
(1975) in a detailed study involving the administration of *4 C—DDE to Japanese quail 
could not find 4, 4-dichlorobenzophenone or any other metabolite in the tissues or 
excreta. SUNDSTROM et al. (1975) reported the excretion of phenolic metabolites 
of DDE by the rat, seal and guillemot but later work in the rat (SUNDSTROM 1977) 
indicated that the phenolic metabolites accounted for only a small proportion (5%) 
of the administered DDE.
The limited ability of the Japanese quail to metabolise DDE probably results 
from the fact that DDE is a less potent inducer of hepatic microsomal enzymes than 
DDMU in this species (BUNYAN & PAGE 1973). In contrast, DDE is a more active 
inducer in the rat which has a greater ability to metabolise DDE than the Japanese 
quail (BUNYAN & PAGE 1973).
The mechanism of excretion of the lipophilic compounds DDT, DDD and 
DDE unchanged by the rat and Japanese quail has not been established. JENSEN 
et al. (1957) identified free DDE and DDT in the bile of rats dosed intraveneously 
with DDT and excretion in the bile could explain the presence of these compounds 
in the faeces. It has been noted in monkeys that highly lipophilic compounds like 
hexachlorobenzene can be transported in the lymph and by diffusion from the 
lymph into the gut may occur in the faeces (MULLER et al. 1978). It is not known 
whether a similar mechanism operates in birds.
Further work is in progress to identify the radioactive compounds present in 
the tissues and excreta of the rats and Japanese quail following administration of 
14C-DDT, 14C-DDD, *4 C—DDE and 14 C-DDMU.
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